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(57) ABSTRACT

During a waste water treatment process such as an activated-
sludge process using microorganisms, the present mvention
ozonizes a microorganism-mixed liquid. It reduces the
amount of microorganisms remaining, prevents a microor-
cganism floc from sedimenting inappropriately, and recovers
appropriate sedimentation while maintaining treatment per-
formance. A waste water ozonization apparatus according to
an embodiment of the present invention can include a sludge
drawing pump which draws a microorganism-mixed liquid
from an aeration vessel; an ozonizer for generating ozone
cgas which reacts with the microorganism-mixed liquid; an
ozonization vessel which injects the ozone gas generated by
the ozonizer 1nto the drawn microorganism-mixed liquid; an
ozonized-sludge channel that returns the ozonized
microorganism-mixed liquid to the aeration vessel; and a
control section for mntermittently performing an ozonization
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WASTE WATER OZONIZATION PROCESS
AND APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a waste water treatment
process and apparatus, and in particular, to a waste water
treatment process and apparatus that ozonizes a
microorganism-mixed liquid during a waste water treatment
process such as an activated-sludge process using microor-
ganisms 1n order to reduce the amount of microorganisms
occurring, to prevent a microorganism aggregate, that 1s, a
microorganism floc from sedimenting mappropriately, and
to recover the mappropriate sedimentation while maintain-
ing the quality of treated water.

2. Description of Related Art

Those treatment processes such as activated-sludge pro-
cesses which use microorganisms and which are conven-
tionally and commonly used to treat waste water may cause
a large amount of sludge to remain due to the waste water
treatment. The excess sludge 1s mostly disposed of by
incineration after dehydration and 1s sometimes digested by
microorganisms. The disposal of the excess sludge,
however, requires a large amount of energy and costs. Thus,
it 15 necessary to minimize the sludge generated after waste
waler treatment.

In addition, during waste water treatment, the multiplica-
fion of filamentous bacteria may prevent the sludge from
sedimenting appropriately, often making solid-liquid sepa-
ration 1n a precipitator msuilicient. In this case, microorgan-
iIsms may flow out with the treated water to degrade its
quality. Thus, to provide stable waste water treatment, the
inappropriate sedimentation of the sludge must be prevented
and the appropriate sedimentation of the sludge must be
recovered.

As a process for reducing the sludge generated after waste
water treatment, for example, a process for drawing acti-
vated sludge from a treatment system and introducing the
sludge 1nto the treatment system after ozonization 1s pro-
posed 1n Japanese Patent Laid-Open No. 6-206088. FIG. 26
shows an example of treatment flow for a conventional
waste water ozonization process. As shown 1n the figure, an
iIncoming water channel 2 1s connected to an ilet side of an
acration vessel 1, and an interconnecting channel 3 1s
connected to an outlet side of the vessel 1. In addition, a
drawn-sludge channel 6 including a sludge-drawing pump 5
in its middle 1s introduced 1nto an ozonization vessel 4 from
the aeration vessel 1. The ozonization vessel 4 connects to
an ozone supply channel 8 that supplies ozone; an ozone
discharge channel 7 that discharges ozone that has not been
used for reaction with sludge; and an ozonized sludge
channel 9 that returns ozonized sludge to the acration vessel
1. A diffuser 1s provided on the bottom of the aeration vessel
1 and an air supply channel is connected to the diffuser. The
interconnecting channel 3 1s further connected to a sludge
separation section to which treated-liquid channel and a
sludge-drawn channel are connected, and a returned-sludge
channel including a sludge-returning pump connects a
sludge draw-out channel and the aeration vessel 1 together.
The description of these components, however, are omitted.

Next, a convenfional treatment process 1s described.
Organic waste water 1s 1introduced into the aeration vessel 1
through the incoming water channel 2, and air 1s then
diffused in the aeration vessel 1 to activate sludge for acrobic
treatment. Then, the mixed-liquid 1n the aeration vessel 1 1s
delivered to the sludge separation section through the inter-
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connecting channel 3 for solid-liquid separation, and the
separated-liquid 1s discharged as treated water. Sludge
drawn by the sludge-drawing pump 5 from the aeration
vessel 1 through the drawn-sludge channel 6 1s circulated to
the ozonization vessel 4 where the sludge 1s contacted with
ozone provided through the ozone supply channel 8 and
subjected to ozonization. The ozonized sludge 1s returned to
the aeration vessel 1 through the ozonized-sludge channel 9
for acrobic treatment.

In this process, activated sludge the amount of which 1s
larger than the amount of sludge multiplied by the assimi-
lation of BOD 1in the treated-liquid 1s drawn from an aerobic
treatment system, ozonized, and introduced into the aerobic
treatment system to reduce the occurrence of excess sludge.

For example, Yasui, et al. reported on the ozonization of
activated ozone drawn from the treatment system (Wat. Sci.
Tech., 30, 11 (1994)). FIG. 27 is a characteristic diagram
showing the relationship between ozone dose and the con-
centrations of MLVSS and soluble TOC 1n a case in which
30 mg/LL of ozone 1s used for drawn activated sludge to
execute batch ozonization.

This figure indicates that the ozonization of activated
sludge does not substantially change the concentration of
MLVSS and slightly increases the concentration of soluble
TOC. Under these ozonization conditions, only part of the
activated sludge 1s solubilized and little activated sludge 1s
made 1norganic.

During ozonization, the conventional techniques continu-
ously 1nject ozone 1nto the activated sludge drawn from the
acration vessel, so a large ozone dose must be 1njected to
reduce the amount of excess sludge, thereby increasing
ozone manufacturing costs.

In addition, under the ozonization conditions in FIG. 27,
the ozonization solubilizes only part of the sludge and does
not make it inorganic, resulting in few changes in the amount
of organic substance. Thus, when such ozonization 1s carried
out during the conventional treatment process that ozonizes
the drawn activated-sludge before returning it to the aeration
vessel, all organic substance corresponding to the drawn
sludge act as loads on the aeration vessel to increase the
load, thereby increasing the concentration of organic sub-
stance 1n treated water to degrade its quality. The amount of
acration required to maintain the quality of treated water 1s
also 1ncreased.

In addition, since the only effect of the introduction of the
ozonization of the activated sludge according to the con-
ventional techniques 1s the reduction of the amount of excess
sludge, these techniques cannot prevent the inappropriate
sedimentation of activated sludge that significantly hinders
the solid-liquid separation of the sludge or recover appro-
priate sedimentation.

In addition, the conventional techniques executes 0zo-
nization regardless of the organic substances decomposition
activity of the activated sludge. Consequently, 1f an external
factor such as a qualitative change 1n incoming waste water
or a change 1n temperature, or the introduced ozone reduces
the organic substances decomposition activity of the acti-
vated sludge, the ozonization further significantly reduces
the organic substances decomposition activity of the acti-
vated sludge to increase the concentration of organic sub-
stances 1n treated water, that 1s, to degrade the quality of the
treated water.

In addition, the conventional techniques carry out 0zo-
nization regardless of the variation of incoming organic
loads. Consequently, if the concentration of organic sub-
stances 1n the 1ncoming waste water or the amount of water
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discharged increases to increase the organic loads, the
ozonization further significantly increases the organic loads
on the aeration vessel to increase the concentration of
organic substances 1n the treated water, thereby degrading
the quality of the treated water. It also increases the amount
of aeration required to maintain the quality of the treated
walter.

In addition, the conventional techniques execute ozoniza-
tion and air supply to the aeration vessel regardless of the
concentration of dissolved oxygen in the activated-sludge-
mixed liquid 1n the aeration vessel. Thus, 1f the organic loads
increase, to reduce the amount of dissolved oxygen 1n the
activated-sludge-mixed liquid, the ozonization further
reduces the amount of dissolved oxygen to increase the
concentration of organic substances 1n the treated water,
thereby degrading the quality of the treated water. In
addition, if the organic substances decomposition activity of
the activated sludge decreases to increase the amount of
dissolved oxygen 1n the activated-sludge-mixed liquid, the
ozonization further reduces the organic substances decom-
position activity of the activated sludge to increase the
concentration of organic substances in the treated water,
thereby degrading the quality of the treated water.

In addition, the conventional techniques carry out the
ozonization regardless of the amount and composition of
extracellular organic substances 1n an activated sludge floc
that 1s a microorganism aggregate 1n the activated sludge.
Consequently, 1f a large amount of extracellular organic
substances are contained in the activated sludge floc, most of
the 1njected ozone reacts with the extracellular organic
substances 1n the activated sludge floc and the injected
ozone 1s not elfectively used for reaction with activated-
sludge microorganisms, thereby preventing the amount of
excess sludge resulting from the ozonization from being

stably reduced.

In addition, the conventional techniques carry out the
ozonization regardless of the resistivity of the activated-
sludge microorganisms to ozone. As a result, if anti-
oxidization enzymes in the activated-sludge microorganisms
that protect the microorganisms are very active and the
activated-sludge microorganisms have a high resistance to
oxidization, the injected ozone cannot kill the microorgan-
1sms and 1s not effectively used to make the activated-sludge
microorganisms 1norganic or for reaction for solubilization,
thereby preventing the amount of excess sludge resulting
from the ozonization from being stably reduced.

In addition, according to the conventional techniques, the
elfects of the introduction of the ozonization of the activated
sludge can be provided only for an acration vessel consisting
of a single vessel but not for an aeration vessel consisting of
multiple vessels.

In addition, the conventional techniques do not adjust the
amount of ozonized sludge 1n returning the sludge to the
acration vessel. Thus, if the organic loads temporarily
increase due to an increase 1n the concentration of organic
substances 1n the Incoming waste waster or 1in the amount of
water discharged, the ozonization further significantly
increases the organism loads relative to the activated sludge
in the aeration vessel to increase the concentration of
organisms in the treated water, thereby degrading the quality
of the treated water. It also 1ncreases the amount of aeration
required to maintain the quality of the treated water.

In addition, 1n the ozonization of the activated sludge, the
conventional techniques have a low ozone solution
cficiency, a low efliciency 1n the contact between the
activated sludge and ozone, and a low reaction efficiency
due to their simple injection of ozone into the activated
sludge.
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In addition, since the conventional techniques use only
ozone to treat the drawn activated-sludge without the use of
other strong oxidizing agents, the activated-sludge microor-
cganisms are killed but are unlikely to become soluble or
morganic. Consequently, such ozonization causes all organic
substances corresponding to the drawn sludge to act as loads
on the aeration vessel to increase the load and thus the
concentration of organic substances in the treated water,
thereby degrading the quality of the treated water. It also
increases the amount of aeration required to maintain the
quality of the treated water.

SUMMARY OF THE INVENTION

In waste water microorganism treatment, a waste water
ozonization process according to the mvention comprises
the steps of drawing part of a microorganism-mixed liquid
from a treatment system, injecting ozone into the drawn
mixed-liquid for ozonization, and returning the ozonized
mixed liquid to the treatment system.

In a waste water ozonization process according to the
imvention, intermittent ozonization 1s executed.

In a waste water ozonization process according to the

invention, an ozone gas of concentration 50 mg/L or more in
ozone concentration 1s used.

In a waste water ozonization process according to the
invention, the reaction time during the ozonization is several
seconds to 10 minutes.

In a waste water ozonization process according to the
invention, the ozonization conditions are changed depending
on how a microorganism aggregate sediments in the
microorganism-mixed liquid.

In a waste water microorganism treatment, a waste water
ozonization apparatus according to the invention comprises
a mixed-liquid drawing means for drawing a
microorganism-mixed liquid from a treatment system; an
ozone generation means for generating an ozone gas to be
reacted with the microorganism-mixed liquid; an ozoniza-
tion means for injecting into the drawn microorganism-
mixed liquid the ozone gas generated by the ozone genera-
fion means to treat the mixed liquid; a mixed-liquid
returning means for returning the ozonized microorganism-
mixed liquid to the treatment system; and a control means
for controlling the ozonization operation.

In a waste water ozonization apparatus according to the
invention, the control means comprises a control means for
executing the mtermittent ozonization.

A waste water ozonization apparatus according to the
invention includes a measuring means for executing mea-
surements to determine how a microorganism aggregate in
the microorganism-mixed liquid sediments, and the control
means executes the ozonization depending on a measured
value obtained by the measuring means.

A waste water ozonization apparatus according to the
invention includes a measuring means for measuring the
organic substances decomposition activity of the microor-
ganism aggregate 1 the microorganism-mixed liquid, and
the control means executes the ozonization depending on a
measured value obtained by the measuring means.

A waste water ozonization apparatus according to the
invention includes a measuring means for measuring an
organic load that flows into the treatment system, and the
control means executes the ozonization depending on a
measured value obtained by the measuring means.

A waste water ozonization apparatus according to the
invention includes a measuring means for measuring the
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dissolved oxygen 1n the microorganism-mixed liquid, and
the control means executes the ozonization depending on a
measured value obtained by the measuring means while
adjusting the amount of air supplied to a microorganism
reaction vessel 1n the treatment system.

A waste water ozonization apparatus according to the
invention includes a measuring means for executing mea-
surements relating to extracellular organic substances 1n the
microorganism aggregate in the microorganism-mixed
liguid, and the control means executes the ozonization

depending on a measured value obtained by the measuring
means.

A waste water ozonization apparatus according to the
invention includes a measuring means for measuring the
anti-oxidization enzyme activity of the microorganism
aggregate 1n the microorganism-mixed liquid, and the con-
trol means executes the ozonization depending on a mea-
sured value obtained by the measuring means.

In a waste water ozonization apparatus according to the
invention, the mixed-liquid drawing means 1s connected to
one of a large number of vessels constituting the microor-
ganism reaction vessel 1n the treatment system, and the
mixed-liquid returning means 1s connected to one of the
larce number of vessels constituting the microorganism
reaction vessel in the treatment system that 1s different from
the one to which the mixed-liquid drawing means 1s con-
nected.

In a waste water ozonization apparatus according to the
invention, the ozonization means includes a storage means
for storing the microorganism-mixed liquid after ozoniza-
fion.

In a waste water ozonization apparatus according to the
imvention, the ozonization means includes at least one of an
injection means for injecting an ozone gas of a high pressure
generated by the ozone generation means into the
microorganism-mixed liquid drawn by the mixed-liquid
drawing means and a mixing means for mixing the injected
ozone with the microorganism-mixed liquid and guiding the
mixture to the mixed-liquid returning means.

In a waste water ozonization apparatus according to the
invention, the ozonization means includes an 1njection
means for injecting hydrogen peroxide.

In a waste water ozonization apparatus according to the
invention, the ozonization means includes a distributing
means for distributing the microorganism aggregate in the
microorganism-mixed liquid drawn by the mixed-liquid
drawing means.

In a waste water ozonization apparatus according to the
invention, the ozone generation means includes a storage
means for generating an ozone gas and storing the generated
0ZOone.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a characteristic diagram showing the relation-
ship of the change rate in ozone dose and the yield of sludge
In experiments concerning this invention;

FIG. 2 1s a characteristic diagram showing the relation-
ship between the processing time and SVI 1n the experi-
ments concerning this invention;

FIG. 3 1s a characteristic diagram showing the relation-
ship between the concentrations of ozone gas, total TOC,
and dissolved TOC 1n the experiments concerning this
mvention;

FIG. 4 1s a characteristic diagram showing the relation-
ship between the amount of incoming TOC and the amount
of sludge generated 1n the experiments concerning this
mvention;
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FIG. § 1s a characteristic diagram showing the relation-
ship between the concentration of MLSS and the concen-
tration of dissolved ozone in ozonized sludge 1n the experi-
ments concerning this mvention;

FIG. 6 1s a characteristic diagram showing the relation-
ship between the retention time and the change rate of the
yield of sludge 1n the experiments concerning this invention;

FIG. 7 1s a characteristic diagram showing the relation-
ship between the amount of incoming TOC and the amount
of sludge generated 1n the experiments concerning this
mvention;

FIG. 8 1s a characteristic diagram showing the relation-
ship between ozone dose absorbed and SVI 1n the experi-
ments concerning this mvention;

FIG. 9 1s a characteristic diagram showing the relation-
ship between the treated-sludge ratio and the change rate of
SVI 1n the experiments concerning this mvention;

FIG. 10 1s a flowchart describing the operation of a waste
water treatment apparatus according to another embodiment
of this invention;

FIG. 11 1s a flowchart describing the operation of a waste

water treatment apparatus according to another embodiment
of this invention;

FIG. 12 1s a flowchart describing the operation of a waste
water treatment apparatus according to another embodiment
of this invention;

FIG. 13 1s a flowchart describing the operation of a waste

water treatment apparatus according to another embodiment
of this invention;

FIG. 14 1s a flowchart describing the operation of a waste
water treatment apparatus according to another embodiment
of this invention;

FIG. 15 1s a flowchart describing the operation of a waste
water treatment apparatus according to another embodiment
of this invention;

FIG. 16 1s a flowchart describing the operation of a waste
water treatment apparatus according to another embodiment
of this invention;

FIG. 17 1s a flowchart describing the operation of a waste
water treatment apparatus according to another embodiment
of this invention;

FIG. 18 15 a flowchart describing the operation of a waste
water treatment apparatus according to another embodiment
of this invention;

FIG. 19 1s a flowchart describing the operation of a waste
water treatment apparatus according to another embodiment
of this invention;

FIG. 20 15 a flowchart describing the operation of a waste
water treatment apparatus according to another embodiment
of this invention;

FIG. 21 1s a flowchart describing the operation of a waste
water treatment apparatus according to another embodiment
of this invention;

FIG. 22 15 a flowchart describing the operation of a waste
water treatment apparatus according to another embodiment
of this invention;

FIG. 23 1s a flowchart describing the operation of a waste
water treatment apparatus according to another embodiment
of this invention;

FIG. 24 1s a flowchart describing the operation of a waste
water treatment apparatus according to another embodiment
of this invention;

FIG. 25 1s a flowchart describing the operation of a waste
water treatment apparatus according to another embodiment
of this invention;
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FIG. 26 1s a flowchart describing the operation of a waste
water treatment apparatus according to the prior art; and

FIG. 27 1s a characteristic diagram showing the relation-

ships between ozone dose and the concentrations of MLVSS
in sludge and soluble TOC.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS
Embodiment 1

Experiment 1 on which a waste water ozonization process
according to embodiment 1 of this invention 1s based and the
cifects of this embodiment that are verified by experiment 1
are described.

Experiment 1

A continuous waste water treatment experiment was con-
ducted at a retention time of 12 hours and a sludge retention
fime of 20 days using an 8 L acration vessel and artificial
waste water mainly consisting of meat extract and peptone
and having a TOC concentration of about 200 mg/L. Two
treatment systems were 1nstalled and one of them was used
as an ozonization system. In this system, 600 ml of sludge
was drawn from the aeration vessel, fed mto a 1 L gas
washing bottle, and returned to the aeration vessel after
ozonization. The concentration of ozone was about 30 mg/L,
and ozone dose was 0 to 50 mg-03/g-MLSS. The other was
used as a non-ozonization system wherein sludge was simul-
tanecously drawn from the aeration vessel and then returned
to the vessel after only oxygen was then applied to the
sludge under the same conditions as 1n ozone.

This series of operations were intermittently performed
six times a day. If the treated-sludge ratio 1s assumed to be
the ratio of the amount of sludge ozonized to the amount of
sludge estimated to multiply using organic substances in
Incoming waste water as a base, the treated-sludge ratio in
this case 1s about 5. An experiment 1n which ozone was
continuously 1njected was also conducted using the same
ozone dose per day and the same amount of sludge ozonized
per day as in the intermittent ozone injection.

FIG. 1 shows the relationship between ozone dose and the
change rate of the yield of sludge, that 1s, the ratio of the
yield of the ozone injection system to the yield of the
non-ozonization system. This figure shows that the decrease
in the yield of sludge 1n the intermittent ozonization 1s larger
than the decrease 1n the yield of sludge 1n the continuous
ozonization, thereby indicating that the intermittent ozoniza-
fion 1s far more effective than the continuous ozonization 1n
reducing the amount of sludge generated. FIG. 1 shows that
compared to the continuous ozonization, the intermittent
ozonization requires only one-third of ozone to be absorbed
in the case of continuous ozonization to reduce the yield of
sludge by, for example, 40%, requiring a very small ozone
dose to significantly reduce the amount of sludge generated.

FIG. 1 shows that if ozone dose 1s 10 mg-O3/g-MLSS, the
amount of sludge generated can be reduced by about 50%,
indicating that the amount of ozone dose that 1s desired to
reduce the amount of sludge generated 1s 10 mg-O3/g-
MLSS or more.

In experiment 1, when ozone dose was 10 mg-0O3/g-
MLSS 1n the mtermittent ozonization, SVI changes during
treatment as shown 1n FIG. 2. In the non-ozonization system,
SVI started to increase 1n the middle of the experiments, that
1s, the sludge started to sediment inappropriately, whereas in
the ozone 1njection system, SVI did not change and the
sludge sedimented appropriately. It 1s thus evident that the
intermittent ozonization can reduce the amount of sludge
ogenerated and prevent the sludge from sedimenting inap-
propriately.
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Embodiment 2

Experiments 2 and 3 on which a waste water ozonization
process according to embodiment 2 of this invention 1s
based and the effects of this embodiment that are verified by
experiments 2 and 3 are described.

Experiment 2

Six hundred ml of activated sludge of 1700 mg/LL MLSS
concentration was fed mto a 1 L gas washing bottle, and
batch ozonization was carried out by varying the concen-
tration of ozone (0 to 60 mg/L). FIG. 3 shows the relation-
ship between the concentration of ozone gas and the con-
centrations of TOC and dissolved TOC 1n the sludge
solution, and shows that as the concentration of the ozone
gas 1ncreases, not only the concentration of dissolved TOC
increases, that 1s, the solubilization of the sludge progresses
but the concentration of total TOC also decreases, that 1s, the
sludge becomes more and more mnorganic. This trend was
distinguished at an ozone concentration of 50 mg/L., and the
sludge became even more mnorganic when the concentration
was higher.

Experiment 3

In an experiment similar to experiment 1, intermittent
ozonization was carried out by using the same ozone dose
and the same treated-sludge ratio and varying the concen-
tration of ozone. FIG. 4 shows the relationship between the
accumulated value of the amount of incoming TOC and the
accumulated value of the amount of sludge generated, and
shows that the slope in the figure corresponding to the yield
of sludge 1s smaller at an ozone concentration of 50 mg/L
than at an ozone concentration of 30 mg/L.

In addition, at an ozone concentration of 30 mg/L, the
concentration of TOC 1n the treated water was higher in the
ozonization system than in the non-ozonization system by 2
to 5 mg/L, whereas at an ozone concentration of 50 mg/L,
the concentration of TOC 1in the treated water was about 20
mg/L 1n both ozonization and non-ozonization systems and
no difference was observed between the ozonization and
non-ozonization systems.

The results of experiments 2 and 3 clearly show that the
intermittent 1njection into the sludge of an ozone gas of
ozone concentration 50 mg/L. causes the sludge to not only
solubilized but also become 1norganic and that the ozoniza-
tion that makes the sludge 1norganic enhances the effect of
the reduction of the amount of sludge remaining and pre-
vents the quality of the treated water from being degraded.

Although experiment 3 executed the intermittent
ozonization, this embodiment 1s not limited to this aspect but
the continuous ozonization can provide similar effects by
using an ozone gas ol ozone concentration 50 mg/L or more.
Embodiment 3

Experiments 4 and 5 on which a waste water ozonization
process according to embodiment 3 of this invention 1s
based and the effects of this embodiment that are verified by
experiments 4 and 5 are described.

Experiment 4

Six hundred ml of activated sludge of 70 to 4,600 mg/L
MLSS concentration was fed into a 1 L gas washing bottle,
and batch ozonization was carried out by 1jecting a gas of
ozone concentration 50 mg/L at a flow rate of 800 mL/sec.
for three minutes. Immediately after the 1njection of ozone
was finished, potassium 1odide was fed into the ozonized
activated-sludge to absorb dissolved ozone remaining in the
activated sludge 1n order to measure the concentration of the
dissolved ozone. FIG. 5 shows the relationship between the
concentration of MLSS 1n the activated sludge and the
concentration of the dissolved ozone, and shows that the
concentration of the dissolved ozone decreased with increas-
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ing concentration of MLSS. At an MLSS concentration of
1,500 mg/L, the concentration of the dissolved ozone
become zero and the injected ozone was instantancously
consumed 1n reaction with the sludge mstead of remaining
in the solution as the dissolved ozone.

Experiment 5

A continuous waste water treatment experiment was con-
ducted at a retention time of 12 hours and a sludge retention
time of 20 days using an 8 L acration vessel and artificial
waste water mainly consisting of meat extract and peptone
and having a TOC concentration of about 200 mg/L. Two
treatment systems were installed and one of them was used
as an ozonization system. In this system, sludge from the
acration vessel was circulated so as to return to the acration
vessel through a 1 L ozonization reaction vessel, and ozone
was fed 1nto the circulated sludge for a specified period of
time for ozonization. The other was used as a non-
ozonization system wherein sludge from the aeration vessel
was similarly circulated and wheremn only oxygen was
applied to the sludge under the same conditions as 1n ozone.
The concentration of ozone was about 110 mg/L, and this
serics of operations were 1ntermittently performed three
fimes a day. Intermittent ozone 1njection was executed by
using the same ozone dose and the same treated-sludge ratio
and varying the retention time of the sludge 1n an ozone
reaction vessel (1 to 35 minutes).

FIG. 6 shows the relationship between the retention time
of the sludge 1n the ozone reaction vessel and the change rate
of the yield of sludge, and shows that the change rate of the
yield of sludge was about 0.1, that 1s, little sludge generated
after one minute of retention time. The yield of sludge
became zero after 10 minutes or more of retention time.

The results of experiments 4 and 5 show that the reaction
between the injected ozone and the activated sludge
progresses at a very high speed, that a short reaction time 1s
effective 1n reducing the amount of sludge generated, and
that 1f the activated sludge being circulated 1s ozonized as in
experiment 5, several seconds to ten minutes of retention
time 1s sufficiently effective 1n reducing the amount of
sludge generated.

Although the intermittent ozonization was executed 1n
experiment 5, this embodiment 1s not limited to this aspect
but several seconds to ten minutes of retention 1.e., residence
fime 1s also sufficiently effective 1in reducing the amount of
sludge generated 1f continuous ozonization 1s provided.

Since only several seconds to 10 minutes of retention time
1s required to reduce the amount of sludge generated, an
ozone reaction section in which the activated sludge 1is
reacted with ozone can be miniaturized. Thus, this 1s very
clfective 1n constructing an actual apparatus.

Embodiment 4

The effects of embodiment 4 of this mmvention that are
verifled by experiments 6 through 8 on which a waste water
ozonization process according to this embodiment 1s based
are described.

Experiment 6

In an experiment similar to experiment 1, intermittent
ozonization was carried out by varying the treated-sludge
ratio (0.5 to 5.0). FIG. 7 shows the relationship between the
accumulated value of the amount of incoming TOC and the
accumulated value of the amount of sludge generated, and
shows that the effect of the reduction of the amount of sludge
increases with increasing treated-sludge ratio. In this
experiment, there was not a large difference in the concen-
tration of TOC 1n the treated water, between the ozonization
system and the non-ozonization system. When, however, the
treated-sludge ration was 10 or more, the amount of sludge
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ogenerated decreased but the concentration of TOC 1n the
treated water substantially increased to significantly degrade
the quality of the treated water. In addition, 1n the ozoniza-
tion system, the excessive occurrence of filamentous bacte-
ria was not observed and the inappropriate sedimentation of
the sludge was prevented. It 1s thus evident that the treated-
sludge ratio must be 10 or less to reduce the amount of
sludge generated and to prevent the sludge from sedimenting
mappropriately and that the ratio 1s desirably between 0.5
and 5.

Experiment 7

Next, the effects of ozone on sludge that sedimented
inappropriately due to the excessive occurrence of filamen-
tous bacteria was examined. Six hundred ml of SVI, 730
ml/eg of activated sludge containming a large amount of
filamentous bacteria was fed mnto a 1 L gas washing bottle,
and batch ozonization was executed by varying ozone dose
(0 to 9.6 mg-03/g-MLSS). FIG. 8 shows the relationship
between ozone dose and SVI, and shows that SVI started to
decrease when ozone dose was about 1 mg-O3/g-MLSS and
decreased down to about 40% at 10 mg-03/g-MLSS com-
pared to the value prior to the ozonization, indicating that
appropriate sedimentation was recovered.

The then observation with a microscope showed that the
structure of the filamentous bacteria was changed by the
ozonization. The effect of the recovery of appropriate sedi-
mentation was improved when ozone dose was larger. It 1s
thus evident that ozone dose must be 1 mg-O3/g-MLSS or
more 1n recovering appropriate sedimentation when the
sludge cannot sediment appropriately due to filamentous
bacteria and that a smaller ozone dose 1s effective 1n recov-
ering appropriate sedimentation than in reducing the amount
of sludge generated or preventing the sludge from sediment-
ing inappropriately.

Experiment 8

An 1ntermittent ozonization experiment similar to Experi-
ment 1 using activated sludge containing a large amount of
filamentous bacteria was conducted to examine the effects of
the treated-sludge ratio on SVI. With respect to the ozoniza-
tion conditions, ozone dose was 1 mg-O3/g-MLSS and the
number of ozonization and the treated-sludge ratio were
varied (treated-sludge ratio: 0 to 9.8).

FIG. 9 shows the relationship between the treated-sludge
ratio and the change ratio of SVI, that 1s, the ratio of the SVI
of the ozonization system to the SVI of the SVI of the
non-ozonization system, and shows that the effect of SVI
decreases with increasing treated-sludge ratio. SVI
decreased down to 20% at a treated-sludge ratio of 10.

In addition, even when the treated-sludge ratio was 10, the
concentration of TOC 1n the treated water was almost equal
in both ozonization and non-ozonization systems and the
treatment performance was not reduced by the ozonization.
It 1s thus evident that to recover the appropriate sedimenta-
tion of the sludge, the treated-sludge ratio may be increased
compared to the reduction of the amount of sludge generated
or the prevention of the sludge from sedimenting 1nappro-
priately.

The results of Experiments 6, 7, and 8 show that by
drawing activated sludge from the aeration vessel, intermat-
tently ozonizing the sludge, and then returning it to the
acration vessel, this mnvention can reduce the amount of
sludge remaining and preventing the sludge from sediment-
ing mappropriately or recovering the appropriate sedimen-
tation of the sludge depending on how the sludge sediments
by selecting ozonization conditions suitable for both the
reduction of the amount of sludge and the prevention of
inappropriate sedimentation if the sludge sediments appro-
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priately while selecting ozonization conditions suitable for
the recovery of appropriate sedimentation.

Although the intermittent ozonization was provided 1n
Experiments 6 and &, this embodiment 1s not limited to this
aspect but similar effects can be obtained 1n continuous
ozonization by selecting either ozonization conditions suit-
able for the reduction of the amount of sludge and the
prevention ol inappropriate sedimentation or ozonization
conditions suitable for the recovery of appropriate sedimen-
tation depending on how the sludge sediments.
Embodiment 5

A waste water ozonization process according to Embodi-
ment 5 of this invention 1s described. The results of Experi-
ments 6, 7, 8 show that ozone dose desired for the intermait-
tent ozonization of the sludge drawn from the aeration vessel
1s 10 mg-O3/g-MLSS or more 1n reducing the amount of
sludge generated and preventing the sludge from sediment-
ing 1nappropriately or 1 mg-03/g-MLSS or more 1n recov-
ering appropriate sedimentation.

In addition, although the intermittent ozonization was
provided 1 Experiments 6 and 8, this embodiment 1s not
limited to this aspect but the same conditions apply to the
continuous ozonization. Ozone dose desired for the continu-
ous ozonization 1s similarly 10 mg-O3/g-MLSS or more 1n
reducing the amount of sludge generated and preventing the
sludge from sedimenting inappropriately or 1 mg-O3/g-
MLSS or more 1n recovering appropriate sedimentation.
Embodiment 6

A waste water ozonization process according to Embodi-
ment 6 of this mnvention 1s described. The results of Experi-
ments 6, 7, 8 show that the treated-sludge ratio desired for
the intermittent ozonization of the sludge drawn from the
acration vessel 1s 0.5 to 5 1 reducing the amount of sludge
ogenerated and preventing the sludge from sedimenting inap-
propriately or 2 to 10 1n recovering appropriate sedimenta-
fion.

In addition, although the intermittent ozonization was
provided 1mn Experiments 6 and 8, this embodiment 1s not
limited to this aspect but the same conditions apply to the
continuous ozonization. The treated-sludge ratio desired for
the continuous ozonization 1s similarly 0.5 to 5 1n reducing
the amount of sludge generated and preventing the sludge
from sedimenting inappropriately or 2 to 10 1n recovering
appropriate sedimentation.

Embodiment 7

A waste water ozonization apparatus according to
Embodiment 7 of this invention 1s described below with
reference to the drawings. FIG. 10 shows a flow for the
waste water ozonization apparatus according to this inven-
fion. As shown 1n this figure, an incoming water channel 2
is connected to the inlet side of an aeration vessel (a
microorganism reaction vessel) 1, and an interconnecting
channel 3 1s connected to the outlet side. In addition, a
drawn-sludge channel 6 including a sludge drawing pump (a
mixed-liquid drawing means) § 1s connected to both a
ozonization vessel (an ozonization means) 4 and the aeration
vessel 1. The ozonization vessel 4 connects to an ozone
supply channel 8 that supplies ozone, an ozone discharge
channel 7 that discharges ozone that has not been used for
reaction with sludge, and a ozonized-sludge channel (a
mixed-liquid returning means) 9 that returns ozonized
sludge to the aeration vessel 1. A diffuser 1s provided at the
bottom of the aeration vessel 1 and 1s interconnected with an
air supply channel and a sludge separation section that 1s
interconnected with both an incoming water channel and a
sludge draw-out channel after the mnterconnecting channel 3.
Furthermore, a returned-sludge channel including a sludge
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returning pump interconnects the sludge draw-out channel
and the aeration vessel 1 together. These components,
however, are not 1llustrated.

An ozonizer (an ozone generation means) 10 is provided
in the middle of the ozone supply channel 8. The ozonizer
10 generates an ozone gas (hereafter referred to as “ozone”
from a material gas supplied from a material gas supply
channel 11, and supplies the ozone to the ozonization vessel
4 via the ozone supply channel 8. The sludge drawing pump
S5 and the ozonizer 10 are controlled and adjusted by a
control section (a control means) 12.

Next, the operation of this embodiment 1s explained.
Organic waste water 1s introduced 1nto the aeration vessel 1
through the incoming water channel 2, and aerobic treatment
1s provided 1n the aeration vessel 1. Then, the mixed-liquid
in the aeration vessel 1 1s delivered through the intercon-
necting channel 3 to the sludge separation section for
solid-liquid separation, and the separated liquid 1s dis-
charged.

During this waste water treatment process, the sludge
drawing pump 5 1s operated to introduce the sludge-mixed
liquid 1nto the ozonization vessel 4 via the drawn-sludge
channel 6 and then to return i1t to the aeration vessel 1
through the ozonized sludge channel 9 so that the sludge in
the aeration vessel 1 1s circulated.

The ozonizer 10 generates ozone using as a material gas
an oxygen gas or air supplied through the material gas
supply channel 11 and 1njects the ozone 1nto the ozonization
vessel 4 through the ozone supply channel 8. In the ozo-
nization vessel 4, the ozone 1s contacted with sludge circu-
lated by the sludge drawing pump 5 1n order to react the
sludge and ozone together. In this case, ozone not used for
the reaction with sludge 1s discharged through the ozone
discharge channel 7.

After a specified period of time, the ozonizer 10 stops
ogenerating ozone, and after the sludge 1n the ozonization
vessel 4 has been sufficiently replaced for the sludge 1n the
acration vessel 1, the sludge drawing pump 3 1s stopped.

This series of operations constitute one intermittent 0zo-
nization cycle, and the control section 12 operates the sludge
drawing pump 5 and the ozonizer 10 so as to provide a
suitable amount of ozone 1njected per cycle, a suitable
number of cycles per day, and a suitable cycle interval for
reducing the amount of sludge generated and preventing the
sludge from sedimenting inappropriately or recovering
appropriate sedimentation.

If the activated sludge sediments appropriately, an opera-
fion 1s performed that i1s suitable for the reduction of the
amount of sludge and the prevention of 1nappropriate sedi-
mentation. The activated sludge 1s ozonized to kill activated-
sludge microorganisms and 1s further solubilized and made
morganic. Then, the sludge 1s returned to the acration vessel
where it is decomposed into a substrate (feed) for microor-
cganisms 1n the aeration vessel to reduce the amount of
sludge corresponding to carbon dioxide otherwise generated
1n this case. Since the 1ntermittent ozonization of the sludge
enables ozone of a high concentration to be collectively
injected to mcrease the amount of ozone 1jected per hour
during ozonization, allowing the microorganisms in the
sludge to be further solubilized and made inorganic and
improving decomposition back in the aeration vessel, com-
pared to the continuous ozonization. As a result, the effect of
the reduction of sludge generated 1s larger 1n the intermittent
ozonization than 1n the continuous ozonization, and the
intermittent ozonization enables the amount of sludge gen-
erated to be substantially reduced using a much smaller
amount of ozone injected than in the continuous ozoniza-
tion.
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In addition, the ozonization simultaneously kills filamen-
tous bacteria in the sludge, thereby preventing filamentous
bacteria from being excessively multiplying to preclude the
inappropriate sedimentation of the sludge caused by the
filamentous bacteria.

On the contrary, if filamentous bacteria excessively mul-
tiply to cause the sludge to sediment inappropriately, then in
contrast to the case 1n which the activated sludge sediments
appropriately, an operation can be performed using an
cffective amount of ozone 1njected per cycle, an effective
number of cycles per day, and an effective cycle interval in
killing the excessively multiplied filamentous bacteria to
recover appropriate sedimentation.

Although the above example operates the sludge drawing
pump S only during the series of operations for the inter-
mittent ozonization, similar effects can be obtained by
constantly operating the sludge drawing pump 3.

In addition, although the above example operates the
sludge drawing pump S during ozonization, similar effects
can be obtained if the sludge drawing pump 5 1s stopped
during ozonization. If the sludge drawing pump 5 1s stopped
during ozonization in this manner, the sludge cannot only be
circulated to the ozonization vessel 4 through the drawn-
sludge channel 6 and ozonized sludge channel 9 but a pump
capable of changing the direction of the liquid can also be
used as the sludge drawing pump 35 to introduce the sludge
into the ozonization reaction vessel for ozonization and then
to return the ozonized sludge to the aeration vessel 1 when
operated 1n the reverse direction.

In addition to the sludge drawing pump 5, a pump for
returning the ozonized sludge to the aeration vessel 1 may be
installed 1n the ozonized-sludge channel 6, and these two
pumps may be operated.

Although the above example provides the ozonization
vessel 4 to ozonize the sludge, this embodiment i1s not
limited to this aspect but similar effects can be obtained by
partitioning the aeration vessel 1, using a partitioned portion
as the ozonization vessel, circulating the sludge through the
vessel, and mtermittently 1njecting ozone into the sludge.
Embodiment &

Then, a waste water ozonization apparatus according to
Embodiment 8 1s explained with reference to the drawings.
FIG. 11 shows a flow for the ozonization apparatus accord-
ing to this mvention. In this figure, 13 1s an SV measuring
device for automatically measuring the SV (Sludge Volume)
of the activated sludge 1n the acration vessel 1, and the other
components are the same as in FIG. 10.

Next, the operation 1s explained. During the waste water
freatment 1n the aeration vessel 1, the sludge drawing pump
5 1s operated to circulate the sludge-mixed liquid in the
acration vessel 1 through the drawn-sludge channel 6, ozo-
nization vessel 4, and ozonized-sludge channel 9. The ozo-
nizer 10 generates ozone using as a material gas an oxXygen
gas or air supplied through the material gas supply channel
11, and the ozone 1s 1njected into the ozonization vessel 4
through the ozone supply channel 8 to ozonize the sludge.
The ozone that has not been used for reaction with the sludge
1s discharged through the discharged-ozone channel 7. This
serics of operations are continuously performed, and the
control section 12 operates the sludge drawing pump 5 and
the ozonizer 10 so as to provide a suitable amount of ozone
injected and a suitable circulated flow of sludge for reducing
the amount of sludge generated and preventing the sludge
from sedimenting mappropriately or recovering appropriate
sedimentation.

During the continuous ozonization, the SV measuring
device 13 measures the SV of the sludge to 1nput the result
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of the measurement to the control section 12. On receiving
the 1nput, the control section 12 sets the amount of ozone
injected and the circulated flow of sludge based on this result
and operates the sludge drawing pump 5 and the ozonizer 10
depending on these settings.

If the sludge sediments appropriately, the SV value 1s
small. If an mnput signal from the SV measuring device 13 is
lower than or equal to a value preset based on a normal SV
value, the control section 12 determines that the activated
sludge sediments appropriately and sets a suitable amount of
ozone 1njected and a suitable circulated flow of sludge for
reducing the amount of sludge generated and preventing the
sludge from sedimenting inappropriately to operate the
sludge drawing pump 5 and the ozonizer 10 depending on
these settings.

On the other hand, if the sludge tends to sediment
inappropriately or the sedimentation has become completely
mappropriate, the SV value increases depending on the
degree of inappropriateness. If an input signal from the SV
measuring device 13 1s higher than the value preset based on
the normal SV value, the control section 12 determines that
the activated sludge sediments inappropriately and sets a
suitable amount of ozone 1njected and a suitable circulated
flow of sludge for recovering appropriate sedimentation to
operate the sludge drawing pump § and the ozonizer 10
depending on these settings.

By varying the amount of ozone 1njected and the circu-
lated tflow of sludge according to the SV value of the
activated sludge 1n the aeration vessel as described above,
adequate ozonization can be provided depending on how the
activated sludge sediments 1n order to stably obtain effects
in reducing the amount of sludge generated and preventing
the sludge from sedimenting mmappropriately or recovering
appropriate sedimentation.

Although the above example executes the continuous
ozonization of the sludge, this embodiment is not limited to
this aspect but more efficient operations can be performed by
the 1ntermittent ozonization.

The operation of the intermittent ozonization 1s similar to
that 1n Embodiment 7, and the control section 12 sets
amount of ozone 1njected per cycle, the number of cycles per
day, and the cycle interval required for the intermittent
ozonization, according to a measured value from the SV
measuring device 13, and operates the sludge drawing pump
S5 and the ozonizer 10 depending on these settings.

By varying the amount of ozone 1njected per cycle, the
number of cycles per day, and the cycle interval according
to the SV value of the activated sludge in the acration vessel,
adequate ozonization can be provided depending on how the
activated sludge sediments 1n order to stably obtain effects
in reducing the amount of sludge generated and preventing
the sludge from sedimenting nappropriately or recovering
appropriate sedimentation. In addition, the intermittent ozo-
nization enables the reduction of the amount of sludge
cgenerated and the prevention of mappropriate sedimentation
or the recovery of appropriate sedimentation to be achieved
using a much smaller amount of ozone injected than the
continuous ozonization.

Although the above example measures the SV of the
activated sludge, this embodiment 1s not limited to this
aspect, similar effects can be obtained using any
sedimentation-related index such as SVI, the sedimentation
speed of an activated-sludge floc or the particle size of the
activated-sludge floc. Furthermore, multiple such indices
may be combined together.

Although the above example uses the automatic measur-
ing device, this embodiment 1s not limited to this aspect but
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similar effects can be obtained by determining through
manual analysis an index concerning the sedimentation of
the activated-sludge floc and inputting the value obtained to
the control section.

Embodiment 9

Then, a waste water ozonization apparatus according to
Embodiment 9 of this invention is described with reference
to the drawings. FIG. 12 shows a flow for the waste water
ozonization apparatus according to this invention. In this
figure, 14 1s a respiratory-activity measuring device for
automatically measuring the respiratory activity of the acti-
vated sludge 1n the aeration vessel 1, and the other compo-
nents are the same as in FIG. 10.

Next, the operation 1s explained. During the waste water
freatment in the aeration vessel 1, the sludge drawing pump
5 1s operated to circulate the sludge-mixed liquid 1n the
acration vessel 1 through the drawn-sludge channel 6, ozo-
nization vessel 4, and ozonized-sludge channel 9. The ozo-
nizer 10 generates ozone using as a material gas an oxygen
gas or air supplied through the material gas supply channel
11, and the ozone 1s 1njected into the ozonization vessel 4
through the ozone supply channel 8 to ozonize the sludge.
The ozone that has not been used for reaction with the sludge
1s discharged through the discharged-ozone channel 7. This
serics of operations are continuously performed, and the
control section 12 operates the sludge drawing pump 5 and
the ozonizer 10 so as to provide a suitable amount of ozone
injected and a suitable circulated flow of sludge for reducing
the amount of sludge generated and preventing the sludge
from sedimenting mappropriately or recovering appropriate
sedimentation.

During the continuous ozonization, the respiratory-
activity measuring device 14 measures the respiratory activ-
ity of the activated sludge to mnput the result of the mea-
surement to the control section 12. On receiving the input,
the control section 12 sets the amount of ozone 1njected and
the circulated flow of sludge based on this result and
operates the sludge drawing pump 5§ and the ozonizer 10
depending on these settings.

If the organic substances are decomposed appropriately
by activated sludge, the respiratory-activity value 1s high. If
an 1mmput signal from the respiratory-activity measuring,
device 14 1s higher than or equal to a value preset based on
a normal respiratory-activity value, the control section 12
determines that the organism decomposition activity of the
activated sludge 1s appropriate and sets a suitable amount of
ozone 1njected and a suitable circulated flow of sludge for
reducing the amount of sludge generated and preventing the
sludge from sedimenting imappropriately or recovering
appropriate sedimentation in order to operate the sludge
drawing pump 5 and the ozonizer 10 depending on these
settings.

On the other hand, if the organic substances decomposi-
fion activity of the activated sludge i1n the aeration vessel
decreases due to an external factor such as a qualitative
change 1n the Incoming waste water or the excessive 1njec-
tion of ozone, the respiratory activity decreases. If the sludge
1s ozonized while the organic substances decomposition
activity of the activated sludge 1s low, the organic substances
decomposition activity of the activated sludge may further
decrease to substantially degrade the quality of treated water.
If an 1nput signal from the respiratory-activity measuring
device 14 1s lower than the value preset based on the normal
respiratory-activity value, the control section 12 determines
that the organic substances decomposition activity of the
activated sludge in the aeration vessel 1s mnappropriate, and
sets conditions for restraining the ozonization by reducing
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the amount of ozone injected and the circulated flow of
sludge depending on the degree of the decrease in the
respiratory-activity value in order to operate the sludge
drawing pump 5 and the ozonizer 10 depending on the
conditions.

By varying the amount of ozone 1njected and the circu-
lated flow of sludge according to the respiratory-activity
value of the activated sludge i1n the aeration vessel as
described above, adequate ozonization can be provided
depending on the organic substances decomposition activity
of the activated sludge in order to stably obtain effects in
reducing the amount of sludge generated and preventing the
sludge from sedimenting inappropriately or recovering
appropriate sedimentation while recovering the organic sub-
stances decomposition activity of the activated sludge and
avolding the degradation of the quality of treated water.

Although the above example executes the continuous
ozonization of the sludge, this embodiment is not limited to

this aspect but more efficient operations can be performed by
the 1ntermittent ozonization.

The operation of the intermittent ozonization 1s similar to
that in Embodiment 7, and the control section 12 sets the
amount of ozone 1njected per cycle, the number of cycles per
day, and the cycle interval required for the intermittent
ozonization, according to a measured value from the
respiratory-activity measuring device 14, and operates the
sludge drawing pump 5 and the ozonizer 10 depending on
these settings.

By varying the amount of ozone 1njected per cycle, the
number of cycles per day, and the cycle iterval according
to the respiratory-activity value of the activated sludge 1n the
acration vessel, adequate ozonization can be provided
depending on the organic substances decomposition activity
of the activated sludge in order to stably obtain effects in
reducing the amount of sludge generated and preventing the
sludge from sedimenting inappropriately or recovering
appropriate sedimentation while recovering the organic sub-
stances decomposition activity of the activated sludge and
avolding the degradation of the quality of treated water. In
addition, the intermittent ozonization enables the reduction
of the amount of sludge generated and the prevention of
inappropriate sedimentation or the recovery of appropriate
sedimentation to be achieved using a much smaller amount
of ozone 1njected than the continuous ozonization.

Although the above example measures the respiratory
activity of the activated sludge, this embodiment 1s not
limited to this aspect, similar effects can be obtained using
any other organic substances-decomposition-activity-related
index such as the dehydrogenase activity or the amount of
ATP or NADH. Furthermore, multiple such indices may be
combined together.

Although the above example uses the automatic measur-
ing device, this embodiment 1s not limited to this aspect but
similar effects can be obtained by determining through
manual analysis an index concerning the organic substances
decomposition activity of the activated sludge and mputting
the value obtained to the control section.

Although the above example varies the ozonization con-
ditions depending on the index value such as the respiratory
activity which concerns the organic substances decomposi-
fion activity of the activated sludge, more effective opera-
fions can be performed by measuring an index such as SV
concerning the sedimentation of the activated sludge,
together with the organic substances decomposition activity
index such as the respiratory activity and varying the amount
of ozone 1njected, the circulated tlow of sludge, the number
of cycles, and the cycle interval depending on these two
measured values.
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Embodiment 10

Then, a waste water ozonization apparatus according to
Embodiment 10 of this invention 1s described with reference
to the drawings. FIG. 13 shows a tflow for the waste water
ozonization apparatus according to this mvention. In this
figure, 15 1s a TOC concentration measuring device for
automatically measuring the concentration of TOC in waste
water flowing through the incoming water channel 2, and the
other components are the same as 1 FIG. 10.

Next, the operation 1s explained. During the waste water
treatment 1n the aeration vessel 1, the sludge drawing pump
5 1s operated to circulate the sludge-mixed liquid in the
acration vessel 1 through the drawn-sludge channel 6, ozo-
nization vessel 4, and ozonized-sludge channel 9. The ozo-
nizer 10 generates ozone using as a material gas an oxygen
gas or air supplied through the material gas supply channel
11, and the ozone 1s 1njected into the ozonization vessel 4
through the ozone supply channel 8 to ozonize the sludge.
The ozone that has not been used for reaction with the sludge
1s discharged through the discharged-ozone channel 7. This
serics of operations are continuously performed, and the
control section 12 operates the sludge drawing pump 5 and
the ozonizer 10 so as to provide a suitable amount of ozone
injected and a suitable circulated flow of sludge for reducing
the amount of sludge generated and preventing the sludge
from sedimenting inappropriately or recovering appropriate
sedimentation.

During the continuous ozonization, the TOC concentra-
fion measuring device 15 measures the concentration of
TOC 1n the mncoming waste water to input the result of the
measurement to the control section 12. On receiving the
input, the control section 12 sets the amount of ozone
injected and the circulated flow of sludge based on this result
and operates the sludge drawing pump 5§ and the ozonizer 10
depending on these settings.

The concentration of TOC 1n the incoming waste water
varies with time. During nighttime or holidays, the concen-
tration of TOC 1n the incoming waste water 1s often low, so
the organic load on the activated sludge in the aeration
vessel 1s light. If an input signal from the TOC concentration
measuring device 15 1s lower than or equal to a value preset
based on a normal TOC concentration value, the control
section 12 determines that the incoming organic load 1s light
and sets a suitable amount of ozone 1njected and a suitable
circulated flow of sludge for reducing the amount of sludge
ogenerated and preventing the sludge from sedimenting 1inap-
propriately or recovering appropriate sedimentation in order
to operate the sludge drawing pump 5 and the ozonizer 10
depending on these settings.

On the other hand, during a time zone such as daytime
during which lives and industries are active, the concentra-
tion of TOC 1n the mcoming waste water 1s high, so the
organic load on the activated sludge in the aeration vessel
may 1ncrease. If the sludge 1s ozonized while there 1s a heavy
organic load, the load on the activated sludge 1n the acration
vessel may further increase to substantially degrade the
quality of treated water. If an 1nput signal from the TOC
concentration measuring device 15 1s higher than the set
value, the control section 12 determines that the incoming,
organic load 1s heavy, and sets conditions for restraining the
ozonization by reducing the amount of ozone injected and
the circulated flow of sludge depending on the TOC con-
centration value in order to operate the sludge drawing pump
5 and the ozonizer 10 depending on the conditions.

By varying the amount of ozone injected and the circu-
lated flow of sludge according to the value of the concen-
tration of TOC 1n the incoming waste water as described
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above, adequate ozonization can be provided depending on
the organic load 1n order to stably obtain effects 1n reducing
the amount of sludge generated and preventing the sludge
from sedimenting inappropriately or recovering appropriate
sedimentation while uniformizing the organic load on the
activated sludge 1n the aeration vessel and avoiding the
degradation of the quality of treated water and increase in
required aeration caused by the increase in load.

Although the above example executes the continuous
ozonization of the sludge, this embodiment is not limited to
this aspect but more efficient operations can be performed by
the 1ntermittent ozonization.

The operation of the intermittent ozonization 1s similar to
that in Embodiment 7, and the control section 12 sets the
amount of ozone 1njected per cycle, the number of cycles per
day, and the cycle interval required for the intermittent
ozonization, according to a measured value from the TOC
concentration measuring device 15, and operates the sludge
drawing pump 5 and the ozonizer 10 depending on these
settings.

By varying the amount of ozone 1njected per cycle, the
number of cycles per day, and the cycle interval according
to the concentration of TOC 1n the incoming waste water,
adequate ozonization can be provided depending on the
organism load on the activated sludge 1n the aeration vessel
in order to stably obtain effects 1n reducing the amount of
sludge generated and preventing the sludge from sediment-
ing mappropriately or recovering appropriate sedimentation
while uniformizing the organic load on the activated sludge
in the aeration vessel and avoiding the degradation of the
quality of treated water and increase 1n required aeration
caused by the increase 1n load. In addition, the mntermittent
ozonization enables the reduction of the amount of sludge
ogenerated and the prevention of nappropriate sedimentation
or the recovery of appropriate sedimentation to be achieved
using a much smaller amount of ozone injected than the
continuous ozonization.

Although the above example measures the concentration
of TOC 1n the incoming waste water, this embodiment 1s not
limited to this aspect, similar effects can be obtained using
a subaqueous-organic substances mdex such as the concen-
tration of COD or BOD. Furthermore, multiple such indices
may be combined together.

Although the above example measures the concentration
of TOC 1n the incoming waste water, this embodiment 1s not
limited to this aspect, similar effects can be obtained using
another index such as the flow of incoming waste water
which relates to the incoming organic load. Furthermore,
multiple such indices may be combined together.

Although the above example uses the automatic measur-
ing device, this embodiment 1s not limited to this aspect but
similar effects can be obtained by determining through
manual analysis an index concerning the incoming organic
load and 1nputting the value obtained to the control section.

If temporal changes 1n the concentration of organic sub-
stances 1n the incoming waste water or 1ts flow are roughly
constant and the pattern of the incoming organic load can be
estimated, constant measurements are not required and simi-
lar effects can be obtained by setting the amount of ozone
injected, the circulated flow of sludge, the number of cycles,
and the cycle mterval depending on the load pattern in order
to operate the sludge drawing pump 5 and ozonizer 10
accordingly.

Although the above example varies the ozonization con-
ditions depending on the index value such as the concen-
tration of TOC 1n the incoming waste water which relates to
the 1ncoming organic load, more effective operations can be
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performed by measuring an index such as SV concerning the
sedimentation of the activated sludge and/or an organic
substance decomposition activity index such as the respira-
tory activity, together with the incoming organic load 1index
such as the concentration of TOC in the incoming waste
water and varying the amount of ozone injected, the circu-
lated flow of sludge, the number of cycles, and the cycle
interval depending on the various measured values.
Embodiment 11

Then, a waste water ozonization apparatus according to
Embodiment 11 of this invention 1s described with reference
to the drawings. FIG. 14 shows a flow for the waste water
ozonization apparatus according to this invention. In this
figure, 16 1s a diffuser provided at the bottom of the acration
vessel 1; 17 1s an air supply device for supplying air to the
diffuser 16; 18 1s an air supply channel that interconnects the
diffuser and the air supply device together; 19 1s a dissolved-
oxygen concentration measuring device for automatically
measuring the concentration of dissolves oxygen in the
activated-sludge-mixed liquid, and the other components are
the same as 1n FIG. 10.

Next, the operation 1s explained. During the waste water
treatment 1n the aeration vessel 1, the sludge drawing pump
5 1s operated to circulate the sludge-mixed liquid in the
acration vessel 1 through the drawn-sludge channel 6, ozo-
nization vessel 4, and ozonized-sludge channel 9. The ozo-
nizer 10 generates ozone using as a material gas an oxygen
gas or air supplied through the material gas supply channel
11, and the ozone is 1njected into the ozonization vessel 4
through the ozone supply channel 8 to ozonize the sludge.
The ozone that has not been used for reaction with the sludge
1s discharged through the discharged-ozone channel 7. This
serics of operations are continuously performed, and the
control section 12 operates the sludge drawing pump 5 and
the ozonizer 10 so as to provide a suitable amount of ozone
injected and a suitable circulated flow of sludge for reducing
the amount of sludge generated and preventing the sludge
from sedimenting mappropriately or recovering appropriate
sedimentation.

During the continuous ozonization, the dissolved-oxygen
concentration measuring device 19 measures the concentra-
fion of dissolved oxygen 1n the activated-sludge-mixed
liquid 1 the aeration vessel 1 to input the result of the
measurement to the control section 12. On receiving the
input, the control section 12 sets the amount of ozone
injected, the circulated flow of sludge, and the amount of air
supplied to the aeration vessel based on this result and
operates the sludge drawing pump 35, the ozonizer 10, and
the air supply device 17 depending on these settings.

The concentration of dissolved oxygen in the activated-
sludge-mixed liquid varies with the imncoming load or the
organic substances decomposition activity of the activated
sludge. The concentration of dissolved oxygen must be set
within an appropriate range 1n order to maintain the multi-
plication and metabolism of microorganisms and to allow
waste water to be treated appropriately. If an input signal
from the dissolved-oxygen concentration measuring device
19 1s within a range preset based on a normal concentration
of dissolved oxygen, the control section 12 determines that
the concentration of dissolved oxygen in the activated-
sludge-mixed liquid 1s appropriate and sets a suitable
amount of ozone injected and a suitable circulated flow of
sludge for reducing the amount of sludge generated and
preventing the sludge from sedimenting 1nappropriately or
recovering appropriate sedimentation 1n order to operate the
sludge drawing pump 5, the ozonizer 10, and the air supply
device 17 depending on these settings.
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On the other hand, if the organism load on the activated
sludge 1n the aeration vessel 1 increases due to an 1ncrease
in the concentration of organic substances in the mmcoming
waste water or the sludge returned to the aeration vessel 1
after ozonization, the concentration of dissolved oxygen 1n
the activated-sludge-mixed liquid decreases. It the sludge 1s
ozonized while the organic load 1s heavy, the organic load on
the activated sludge i1n the aeration vessel may further
increase to substantially degrade the quality of treated water.
If an mput signal from the dissolved-oxygen concentration
measuring device 19 1s lower than the set range, the control
section 12 determines that the incoming organic load 1is
heavy, and sets conditions for restraining the ozonization by
reducing the amount of ozone injected and the circulated
flow of sludge depending on the degree of the decrease 1n the
concentration of dissolved oxygen i order to operate the
sludge drawing pump 5, the ozonizer 10, and the air supply
device 17 depending on the conditions.

In addition, 1f the organic substances decomposition
activity of the activated sludge i1n the aeration vessel
decreases due to an external factor such as a qualitative
change 1n the incoming waste water and change 1n tempera-
ture or the excessive injection of ozone, the supplied oxygen
1s not used for the activities of the microorganisms in the
activated sludge and the concentration of dissolved oxygen
in the activated-sludge-mixed liquid increases. It the sludge
1s ozonized while the organic substances decomposition
activity of the activated sludge 1s low, the organic substances
decomposition activity of the activated sludge may further
decrease to substantially degrade the quality of treated water.
If an mput signal from the dissolved-oxygen concentration
measuring device 19 1s higher than the set range, the control
section 12 determines that the organic substances decom-
position activity of the activated sludge 1n the aeration vessel
1s low, and sets conditions for restraining the ozonization by
reducing the amount of ozone injected and the circulated
flow of sludge depending on the degree of the increase 1n the
concentration of dissolved oxygen in order to operate the
sludge drawing pump 5, the ozonizer 10 and the air supply
device 17 depending on the conditions.

If the organic load on the activated sludge 1n the aeration
vessel decreases due to a decrease 1n the concentration of
organic substances 1n the incoming waste water or 1n the
amount of 1ncoming waste water, the concentration of
dissolved oxygen in the activated-sludge-mixed liquid
increases. If temporal changes i1n the concentration of
organic substances 1n the incoming waste water or 1ts flow
are roughly constant, the pattern of the incoming organic
load can be estimated, and the increase 1n the concentration
of dissolved oxygen can be clearly determined to be caused
by the decrease in the organic load, the control section 12,
receiving an 1nput signal higher than the set range from the
dissolved-oxygen concentration measuring device 19, deter-
mines that the incoming organic load 1s light, and sets
conditions by increasing the amount of ozone 1njected and
the circulated flow of sludge depending on the degree of the
increase 1n the concentration of dissolved oxygen in order to
operate the sludge drawing pump 35, the ozonizer 10 and the
air supply device 17 depending on the conditions.

By varying the amount of ozone injected, the circulated
flow of sludge, and the amount of air supplied according to
the value of the concentration of dissolved oxygen 1n the
activated-sludge-mixed liquid in the aeration vessel as
described above, adequate ozonization can be provided
depending on the organic load on the activated sludge 1n the
acration vessel or the organic substances decomposition
activity of the activated sludge 1n order to stably obtain
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cffects 1n reducing the amount of sludge generated and
preventing the sludge from sedimenting inappropriately or
recovering appropriate sedimentation while avoiding the
degradation of the quality of treated water associated with
the 1ncrease or decrease in load or the change in activity.

Although the above example executes the continuous
ozonization of the sludge, this embodiment 1s not limited to
this aspect but more efficient operations can be performed by
the 1ntermittent ozonization.

The operation of the imtermittent ozonization 1s similar to
that in Embodiment 7, and the control section 12 sets the
amount of ozone 1njected per cycle, the number of cycles per
day, the cycle interval, and the amount of air supplied to the
acration vessel required for the intermittent ozonization,
according to a measured value from the dissolved-oxygen
concentration measuring device 19, and operates the sludge
drawing pump 5, the ozonizer 10, the air supply device 17
depending on these settings.

By varying the amount of ozone injected per cycle, the
number of cycles per day, the cycle interval, and the amount
of air supplied according to the value of the concentration of
dissolved oxygen 1n the activated-sludge-mixed liquid 1n the
acration vessel, adequate ozonization can be provided
depending on the organic load on the activated sludge 1n the
acration vessel or the organic substances decomposition
activity of the activated sludge 1n order to stably obtain
cfiects 1n reducing the amount of sludge generated and
preventing the sludge from sedimenting inappropriately or
recovering appropriate sedimentation while avoiding the
degradation of the quality of treated water associated with
the 1ncrease or decrease 1n load or the change 1n activity. In
addition, the intermittent ozonization enables the reduction
of the amount of sludge generated and the prevention of
inappropriate sedimentation or the recovery of appropriate
sedimentation to be achieved using a much smaller amount
of ozone 1njected than the continuous ozonization.

Although the above example uses the automatic measur-
ing device, this embodiment 1s not limited to this aspect but
similar effects can be obtained by determining through
manual analysis the concentration of dissolved oxygen 1n the
activated-sludge-mixed liquid and inputting the wvalue
obtained to the control section.

Although the above example varies the ozonization con-
ditions depending on the concentration of dissolved oxygen
in the activated-sludge-mixed liquid, more effective opera-
fions can be performed by measuring an 1index such as SV
concerning the sedimentation of the activated sludge, an
organic substances decomposition activity index such as the
respiratory activity, or an incoming organic load index such
as the concentration of TOC 1n the mmcoming waste water,
together with the concentration of dissolved oxygen 1n the
activated-sludge-mixed liquid and varying the amount of
ozone 1njected, the circulated flow of sludge, the number of
cycles, the cycle interval, and the amount of air supplied
depending on these various measured values.

In particular, using a combination with the organic sub-
stances decomposition activity index such as the respiratory
activity or the incoming organic load index such as the
concentration of TOC 1n the mmcoming waste water, the
increase or decrease 1n load or the change 1n activity can be
determined more adequately to enable more effective opera-
fions.

Embodiment 12

Then, a waste water ozonization apparatus according to
Embodiment 12 of this invention 1s described with reference
to the drawings. FIG. 15 shows a flow for the waste water
ozonization apparatus according to this invention. In this
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ficure, 20 1s a polysaccharide concentration measuring
device for automatically measuring the concentration of
polysaccharide in the activated-sludge floc in the aeration
vessel 1, and the other components are the same as 1n FIG.
10.

Next, the operation 1s explained. During the waste water
treatment 1n the aeration vessel 1, the sludge drawing pump
5 1s operated to circulate the sludge-mixed liquid in the
acration vessel 1 through the drawn-sludge channel 6, ozo-
nization vessel 4, and ozonized-sludge channel 9. The ozo-
nizer 10 generates ozone using as a material gas an oxygen
gas or air supplied through the material gas supply channel
11, and the ozone is 1njected into the ozonization vessel 4
through the ozone supply channel 8 to ozonize the sludge.
The ozone that has not been used for reaction with the sludge
1s discharged through the discharged-ozone channel 7. This
serics of operations are continuously preformed, and the
control section 12 operates the sludge drawing pump 5 and
the ozonizer 10 so as to provide a suitable amount of ozone
injected and a suitable circulated flow of sludge for reducing
the amount of sludge generated and preventing the sludge
from sedimenting mappropriately or recovering appropriate
sedimentation.

During the continuous ozonization, the polysaccharide
concentration measuring device 20 measures the concentra-
tion of polysaccharide i the activated-sludge floc to 1nput
the result of the measurement to the control section 12. On
receiving the input, the control section 12 sets the amount of
ozone 1njected and the circulated tlow of sludge based on
this result and operates the sludge drawing pump 5 and the
ozonizer 10 depending on these settings.

The activated-sludge floc 1s composed of extracellular
organic substances such as polysaccharide as well as micro-
organisms. The amount and composition of extracellular
organic substances vary due to an external factor such as a
qualitative change 1in waste water or a change in tempera-
ture. If there are an excessive amount of extracellular
organic substances 1n the floc, the top priority 1s given to the
extracellular organic substances during ozonization, thereby
obstructing the reaction between the ozone and microorgan-
1sms to reduce the effects of the ozonization.

If an 1nput signal from the polysaccharide concentration
measuring device 20 1s lower than or equal to a value preset
based on a normal polysaccharide concentration, the control
section 12 determines that the amount of extracellular
organic substances in the activated-sludge floc 1s normal,
and sets a suitable amount of ozone 1njected and a suitable
circulated flow of sludge for reducing the amount of sludge
cgenerated and preventing the sludge from sedimenting inap-
propriately or recovering appropriate sedimentation in order
to operate the sludge drawing pump § and the ozonizer 10
depending on these settings.

If an 1mnput signal from the polysaccharide concentration
measuring device 20 1s higher than the set value, the control
section 12 determines that the amount of extracellular
organic substances 1n the activated-sludge floc 1s excessively
large, and sets conditions for enhancing the ozonization by
increasing the amount of ozone 1njected and the circulated
flow of sludge depending on the degree of the increase 1n the
concentration of polysaccharide in order to operate the
sludge drawing pump 5 and the ozonizer 10 depending on
these conditions.

By varying the amount of ozone injected and the circu-
lated flow of sludge according to the value of the concen-
tration of polysaccharide 1n the activated-sludge floc in the
acration vessel as described above, adequate ozonization can
be provided depending on the concentration of polysaccha-
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ride that 1s an extracellular organic substances 1n a sludge
floc, and ozone can be 1njected taking 1nto consideration the
amount of ozone consumed by reaction with extracellular
organic substances i1n order to stably obtain effects 1n reduc-
ing the amount of sludge generated and preventing the
sludge from sedimenting imappropriately or recovering
appropriate sedimentation.

Although the above example executes the continuous
ozonization of the sludge, this embodiment i1s not limited to
this aspect but more efficient operations can be performed by
the intermittent ozonization.

The operation of the imtermittent ozonization 1s similar to
that in Embodiment 7, and the control section 12 sets the
amount of ozone 1njected per cycle, the number of cycles per
day, and the cycle interval required for the intermittent
ozonization, according to a measured value from the
polysaccharide concentration measuring device 20, and
operates the sludge drawing pump 5 and the ozonizer 10
depending on these settings.

By varying the amount of ozone 1jected per cycle, the
number of cycles per day, and the cycle interval according
to the concentration of polysaccharide 1n the activated-
sludge floc 1n the aeration vessel, adequate ozonization can
be provided depending on the concentration of polysaccha-
ride that 1s an extracellular organic substances 1n a sludge
floc, and ozone can be 1njected taking 1nto consideration the
amount of ozone consumed by reaction with extracellular
organic substances 1n order to stably obtain effects 1n reduc-
ing the amount of sludge generated and preventing the
sludge from sedimenting imappropriately or recovering
appropriate sedimentation. In addition, the intermittent ozo-
nization enables the reduction of the amount of sludge
generated and the prevention of inappropriate sedimentation
or the recovery of appropriate sedimentation to be achieved
using a much smaller amount of ozone injected than the
continuous ozonization.

Although the above example measures the concentration
of polysaccharide 1n the activated-sludge floc, this embodi-
ment 1s not limited to this aspect but similar effects can be
obtained using any other index such as the concentration of
protemn or lipid 1n the sludge floc which relates to the
extracellular organic substances 1n the sludge floc.
Furthermore, multiple such indices may be combined.

Although the above example uses the automatic measur-
ing device, this embodiment 1s not limited to this aspect but
similar effects can be obtained by determining through
manual analysis an index for the extracellular organic sub-
stances 1n the sludge floc and 1nputting the value obtained to
the control section 12.

Although the above example varies the ozonization con-
ditions depending on the index value such as the concen-
tration of polysaccharide which concerns the extracellular
organic substances in the floc, more effective operations can
be performed by measuring an index such as SV concerning,
the sedimentation of the activated sludge, an organism
decomposition activity mndex such as the respiratory activity,
an incoming organic load index such as the concentration of
TOC 1n the incoming waste water, or the concentration of
dissolved oxygen in the activated-sludge-mixed liquid 1n the
acration vessel, together with the index such as the polysac-
charide concentration which concerns the extracellular
organic substances 1n the sludge floc and varying the amount
of ozone 1njected, the circulated flow of sludge, the number
of cycles, the cycle interval, and the amount of air supplied
depending on these various measured values.

Embodiment 13

Then, a waste water ozonization apparatus according to

Embodiment 13 of this invention 1s described with reference
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to the drawings. FIG. 16 shows a tflow for the waste water
ozonization apparatus according to this mvention. In this
figure, 21 1s a catalase activity measuring device for auto-
matically measuring the catalase activity of activated-sludge
microorganisms 1n the aeration vessel 1, and the other
components are the same as 1n FIG. 10.

Next, the operation 1s explained. During the waste water
treatment 1n the aeration vessel 1, the sludge drawing pump
5 1s operated to circulate the sludge-mixed liquid in the
acration vessel 1 through the drawn-sludge channel 6, ozo-
nization vessel 4, and ozonized-sludge channel 9. The ozo-
nizer 10 generates ozone using as a material gas an oxygen
ogas or air supplied through the material gas supply channel
11, and the ozone is 1njected into the ozonization vessel 4
through the ozone supply channel 8 to ozonize the sludge.
The ozone that has not been used for reaction with the sludge
1s discharged through the discharged-ozone channel 7. This
serics of operations are continuously preformed, and the
control section 12 operates the sludge drawing pump 5 and
the ozonizer 10 so as to provide a suitable amount of ozone
injected and a suitable circulated flow of sludge for reducing
the amount of sludge generated and preventing the sludge
from sedimenting mappropriately or recovering appropriate
sedimentation.

During the continuous ozonization, the catalase activity
measuring device 21 measures the catalase activity of the
activated-sludge microorganisms to mput the result of the
measurement to the control section 12. On receiving the
input, the control section 12 sets the amount of ozone
injected and the circulated flow of sludge based on this result
and operates the sludge drawing pump 5§ and the ozonizer 10
depending on these settings.

The activated-sludge microorganisms have an anti-
oxidizing enzyme such as catalase which protects them-
selves from an external oxidant such as hydrogen petroxide
or ozone. The activity of the anti-oxidization enzyme varies
due to an external factor such as a qualitative change in the
Incoming waste water or a change in temperature or an
internal factor of the activated-sludge microorganisms such
as their multiplication phase. If the activity of the anti-
oxidizing enzyme 1s excessively high, the strong resistance
of the activated-sludge microorganisms to ozone precludes
the microorganisms from being killed, solubilized, or made
inorganic by ozone, thereby reducing the effects of the
0zonization.

If an mput signal from the catalase activity measuring
device 21 1s lower than or equal to a value preset based on
a normal catalase activity, the control section 12 determines
that the resistance of the activated-sludge microorganisms to
oxidization 1s normal, and sets a suitable amount of ozone
injected and a suitable circulated flow of sludge for reducing
the amount of sludge generated and preventing the sludge
from sedimenting mappropriately or recovering appropriate
sedimentation 1n order to operate the sludge drawing pump
5 and the ozonizer 10 depending on these settings.

If an mput signal from the catalase activity measuring,
device 21 1s higher than the set value, the control section 12
determines that the anti-oxidizing capability of the
activated-sludge microorganisms 1s excessively high, and
sets conditions for enhancing the ozonization by increasing
the amount of ozone injected and the circulated flow of
sludge depending on the degree of the increase in the
catalase activity in order to operate the sludge drawing pump
S5 and the ozonizer 10 depending on these conditions.

By varying the amount of ozone injected and the circu-
lated flow of sludge according to the value of the catalase
activity of the activated-sludge microorganisms 1n the aera-
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tfion vessel as described above, adequate ozonization can be
provided depending on the resistance of the activated-sludge
microorganisms to external oxidization in order to stably
obtain effects 1n reducing the amount of sludge generated
and preventing the sludge from sedimenting inappropriately
or recovering appropriate sedimentation.

Although the above example executes the continuous
ozonization of the sludge, this embodiment 1s not limited to
this aspect but more efficient operations can be performed by
the 1ntermittent ozonization.

The operation of the mtermittent ozonization 1s similar to
that in Embodiment 7, and the control section 12 sets the
amount of ozone 1njected per cycle, the number of cycles per
day, and the cycle interval required for the intermittent
ozonization, according to a measured value from the catalase
activity measuring device 21, and operates the sludge draw-
ing pump S and the ozonizer 10 depending on these settings.

By varying the amount of ozone injected per cycle, the
number of cycles per day, and the cycle interval according
to the value of the catalase activity of the activated-sludge
microorganisms 1n the aeration vessel, adequate ozonization
can be provided depending on the resistance of the
activated-sludge microorganisms to external oxidization 1n
order to stably obtain effects 1n reducing the amount of
sludge generated and preventing the sludge from sediment-
Ing mappropriately or recovering appropriate sedimentation.
In addition, the intermittent ozonization enables the reduc-
tion of the amount of sludge generated and the prevention of
inappropriate sedimentation or the recovery ol appropriate
sedimentation to be achieved using a much smaller amount
of ozone 1njected than the continuous ozonization.

Although the above example measures the catalase activ-
ity of the activated-sludge microorganisms, this embodiment
1s not limited to this aspect but similar effects can be
obtained using any other index such as the superoxidodis-
mutase activity of the activated-sludge microorganisms
which relates to the anti-oxidizing enzyme of the activated-
sludge microorganisms that resists external oxidization.
Furthermore, multiple such indices may be combined.

Although the above example uses the automatic measur-
ing device, this embodiment 1s not limited to this aspect but
similar effects can be obtained by determining through
manual analysis an index for the anfi-oxidizing enzyme of
the activated-sludge microorganisms that resists external
oxidization and inputting the value obtained to the control
section 12.

Although the above example varies the ozonization con-
ditions depending on the value of the anti-oxidizing enzyme
activity of the activated-sludge microorganisms such as the
catalase activity, more effective operations can be performed
by measuring an index such as SV concerning the sedimen-
tation of the sludge, an organic substance decomposition
activity index such as the respiratory activity, an incoming
organic load index such as the concentration of organic
substances 1n the mcoming waste water, an index for the
extracellular organic substances 1n the sludge floc such as
polysaccharide, or the concentration of dissolved oxygen in
the activated-sludge-mixed liquid in the aeration vessel,
together with the index for the anti-oxidizing enzyme activ-
ity of the activated-sludge microorganisms such as the
catalase activity and varying the amount of ozone injected,
the circulated flow of sludge, the number of cycles, the cycle
interval, and the amount of air supplied depending on these
various measured values.

Embodiment 14

Then, an ozonization apparatus according to Embodiment

14 of this invention 1s described with reference to the
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drawings. FIG. 17 shows a flow far the waste water ozo-
nization apparatus according to this invention. In FIG. 17, 22
1s an acration vessel composed of four continuous sub-
vessels, with the final sub-vessel of the aeration vessel 22
interconnected with the drawn-sludge channel 6 and the first
sub-vessel of the aeration vessel 22 mterconnected with the
ozonized-sludge channel 9. The other components are the
same as 1n FIG. 10.

Next, the operation of this embodiment 1s explained.
During the waste water treatment 1n the aeration vessel 22,
the control section 12 operates the sludge drawing pump §
to introduce the sludge in the final sub-vessel of the aeration
vessel 22 1nto the ozonization vessel 4 via the drawn-sludge
channel 6 and then to return the sludge to the first sub-vessel
of the aeration vessel 22 via the ozomized-sludge channel 9
in order to circulate the sludge 1n the aeration vessel 22. The
ozonizer 10 generates ozone using as a material gas an
oxygen gas or air supplied through the material gas supply
channel 11, and the ozone 1s injected into the ozonization
vessel 4 through the ozone supply channel 8 to ozonize the
sludge. The ozone that has not been used for reaction with
the sludge 1s discharged through the discharged-ozone chan-
nel 7. This series of operations are continuously preformed,
and the control section 12 operates the sludge drawing pump
S and the ozonizer 10 so as to provide a suitable amount of
ozone 1njected and a suitable circulated flow of sludge for
reducing the amount of sludge generated and preventing the
sludge from sedimenting inappropriately or recovering
appropriate sedimentation.

When the sludge 1s returned to the acration vessel after
ozonization, the organic load on the activated-sludge in the
acration vessel increases. If the aeration vessel consists of a
single vessel and when sludge 1s drawn from the vessel for
ozonization, the amount of activated sludge participating in
the organic substances decomposition of the microorgan-
isms 1n the aeration vessel decreases. Since the ozonized
sludge 1s returned as a load to the aeration vessel where the
amount of activated sludge has decreased, the organic load
may significantly increase relative to the amount of activated
sludge 1n the aeration vessel, thereby substantially degrading
the quality of treated water. According to the present
embodiment, however, sludge 1s drawn from the final sub-
vessel of the aeration vessel 22 and ozonized sludge 1s
returned to the first sub-vessel of the aeration vessel 22 that
1s different from the sub-vessel from which the sludge has
been drawn. Since no sludge 1s drawn from the first sub-
vessel and instead a normal amount of activated sludge 1s
held therein, the organic load 1s prevented from excessively
increasing due to the ozonized sludge, thereby reducing the
possibility that the quality of treated water will be substan-
tially degraded.

By separating the vessel from which sludge 1s drawn for
ozonization from the vessel to which ozonized sludge 1is
returned as described above, the organic load is prevented
from substantially increasing relative to the amount of
activated sludge 1n the aeration vessel to which the ozonized
sludge has been returned 1n order to stably obtain effects 1n
reducing the amount of sludge generated and preventing the
sludge from sedimenting inappropriately or recovering
appropriate sedimentation while avoiding the degradation of
the quality of treated water caused by an excessive increase
in load as well as the increase 1n the amount of aeration
required.

Although the above example executes the continuous
ozonization of the sludge, this embodiment is not limited to
this aspect but more efficient operations can be performed by
the 1ntermittent ozonization.
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The operation of the intermittent ozonization 1s similar to
that in Embodiment 7, and the control section 12 sets the
amount of ozone 1injected per cycle, the number of cycles per
day, and the cycle interval, required for the intermittent
ozonization, according to a measured value from the
dissolved-oxygen concentration measuring device 19, and
operates the sludge drawing pump 5, the ozonizer 10
depending on these settings.

By separating the vessel from which sludge 1s drawn for
ozonization from the vessel to which ozonized sludge 1is
returned, the organism load 1s prevented from substantially
increasing relative to the amount of activated sludge in the
acration vessel to which the ozonized sludge has been
returned 1n order to stably obtain effects 1n reducing the
amount of sludge generated and preventing the sludge from
sedimenting mappropriately or recovering appropriate sedi-
mentation while avoiding the degradation of the quality of
treated water caused by the excessive increase 1n load as
well as the increase 1n the amount of aeration required. In
addition, the intermittent ozonization enables the reduction
of the amount of sludge generated and the prevention of
inappropriate sedimentation or the recovery of appropriate
sedimentation to be achieved using a much smaller amount
of ozone 1njected than the continuous ozonization.

Although, 1n the above example, the aeration vessel 1s
composed of four continuous sub-vessels, this embodiment
1s not limited to this aspect but similar effects can be
obtained using an aeration vessel composed of at least two
or more continuous sub-vessels.

Although the above example draws sludge from the final
sub-vessel of the aeration vessel consisting of multiple
vessels and returns ozonized sludge to the first vessel, this
embodiment 1s not limited to this aspect but similar effects
can be obtained by drawing sludge from one of the sub-
vessels constituting the single aeration vessel and returning,
ozonized sludge to another vessel different from the sub-
vessel from which the sludge has been removed.

Although the above example uses the aeration vessel
composed of the multiple sub-vessels, similar effects can be
obtained by partitioning the aeration vessel consisting of a
single vessel, mto a sub-vessel from which sludge 1s drawn
for ozonization and a sub-vessel to which ozonized sludge 1s
returned.

In addition, 1n the above example, more effective opera-
fions can be performed by measuring an 1index such as SV
concerning the sedimentation of the activated sludge, an
organic substance decomposition activity index such as the
respiratory activity, an incoming organic load index such as
the concentration of organic substances in the imcoming
waste water, an index such as the concentration of polysac-
charide which relates to the extracellular organic substances
in the sludge floc, an index such as the catalase activity
which concerns the anti-oxidizing enzyme activity of the
activated-sludge microorganisms, and/or the concentration
of dissolved oxygen 1n the activated-sludge-mixed liquid 1n
the aeration vessel and varying the amount of ozone
injected, the circulated flow of sludge, the number of cycles,
the cycle mterval, and the amount of air supplied depending
on these various measured values.

Embodiment 15

Then, a waste water ozonization apparatus according to
Embodiment 15 of this invention 1s described with reference
to the drawings. FIG. 18 shows a flow for the ozonization
apparatus of this invention. In this figure, 23 1s an ozonized-
sludge storage vessel that stores ozonized sludge and that 1s
interconnected with the ozonized-sludge channel 9 1ntercon-
nected with the ozone reaction vessel 4, the ozonized-sludge
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vessel also being interconnected with a stored-sludge chan-
nel 25 including a stored-sludge returning pump 24 in its
middle. The other components are the same as in FIG. 10.

Next, the operation 1s explained. During the waste water
treatment 1n the aeration vessel 1, the control section 12
operates the sludge drawing pump 5 to introduce the sludge
in the aeration vessel 1 into the ozonization vessel 4 via the
drawn-sludge channel 6.

The ozonizer 10 generates ozone using as a material gas
an oxygen gas or air supplied through the material gas
supply channel 11, and the ozone 1s injected into the
ozonization vessel 4 through the ozone supply channel 8 to
ozonize the sludge. In the ozone reaction vessel 4, the ozone
1s contacted with the sludge circulated by the sludge drawing
pump 5 to react the sludge and ozone together. The ozone
that has not been used for reaction with the sludge 1is
discharged through the discharged-ozone channel 7. The
ozonized sludge 1s introduced into the ozonized-sludge
storage vessel 23 via the ozonized-sludge channel 9 for
storage.

After a specified period of time, the ozonizer 10 stops
generating ozone, and stops the sludge drawing pump 3 after
the sludge 1n the ozonization vessel 4 has been sufficiently
replaced for the sludge i1n the aeration vessel 1.
Subsequently, before the next ozonization is started, the
stored-sludge returning pump 24 1s operated to return the
ozonized sludge to the aeration vessel 1 through the stored-
sludge channel 25.

This series of operations constitute one cycle of
ozonization, and the control section 12 operates the sludge
drawing pump 5 and the ozonizer 10 so as to provide a
suitable amount of ozone 1njected per cycle, a suitable
number of cycles per day, and a suitable cycle interval for
reducing the amount of sludge generated and preventing the
sludge from sedimenting inappropriately or recovering
appropriate sedimentation.

If ozone 1s mjected while the activated sludge i1s being
circulated between the aeration vessel 1 and the ozone
reaction vessel 4, the ozonized sludge returns to the aeration
vessel at the circulated flow of the activated sludge.
Consequently, it the circulated flow of sludge 1s high, a large
amount of ozonized sludge returns to the aeration vessel 1n
a short period of time to rapidly increase the organic load on
the activated sludge 1n the aeration vessel, thereby notice-
ably degrading the quality of treated water. According to the
present embodiment, however, the ozonized sludge 1s stored
in the ozonized-sludge storage vessel 23 and returned to the
acration vessel while ozonization 1s not carried out. As a
result, by using a sludge storage vessel with a volume
suflicient to reserve ozonized sludge and operating the
stored-sludge returning pump 24 at a low tlow, the ozonized
sludge can be returned to the aeration vessel while preclud-
ing the organic load from temporarily increasing.

By allowing a certain period of time to pass before
returning the ozonized sludge to the aeration vessel, the
organic load on the activated sludge 1n the aeration vessel
can be prevented from increasing rapidly 1n order to stably
obtain effects 1n reducing the amount of sludge generated
and preventing the sludge from sedimenting inappropriately
or recovering appropriate sedimentation.

Although the above example stops the stored-sludge
returning pump 24 while ozone 1s being injected, this
embodiment 1s not limited to this aspect but similar effects
can be obtained by operating the stored-sludge returning
pump 24 during ozonization.

Although the above embodiment installs the ozonized-
sludge storage vessel and the ozonized sludge 1s then stored
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in this vessel, this embodiment 1s not limited to this aspect
but similar effects can be obtained by installing before the
acration vessel a regulating vessel that regulates the flow of
waste water and introducing the ozonized sludge into the
regulating vessel.

Although the above example does not 1nstall a device for
stirring the 1nside of the ozonized-sludge storage vessel 23,
this embodiment 1s not limited to this aspect but if the
ozonized sludge 1s not uniformly returned to the aeration
vessel 1 due to the precipitation of the ozonized sludge 1n the
ozonized-sludge storage vessel 23, a rotary stirrer may be
installed that stirs the inside of the ozonized-sludge storage
vessel 23.

Although the above example ozonizes the activated
sludge 1n the aeration vessel consisting of a single vessel,
this embodiment 1s not limited to this aspect but similar
cffects can be obtained when the activated sludge in an
acration vessel composed of multiple sub-vessels 1s 0zo-
nized. In this case, by separating the vessel from which
sludge 1s drawn from the vessel to which ozonized sludge 1s
returned, the possibility that the quality of treated water will
be degraded can be further reduced.

In addition, 1n the above example, more effective opera-
tions can be performed by measuring an 1index such as SV
concerning the sedimentation of the activated sludge, an
organic substance decomposition activity index such as the
respiratory activity, an incoming organic load imndex such as
the concentration of organic substances 1n the incoming
waste water, an 1ndex such as the concentration of polysac-
charide which relates to the extracellular organic substances
in the sludge floc, an 1index such as the catalase activity
which concerns the anti-oxidizing enzyme activity of the
activated-sludge microorganisms, or the concentration of
dissolved oxygen 1n the activated-sludge-mixed liquid 1n the
acration vessel and varying the amount of ozone 1njected,
the circulated flow of sludge, the number of cycles, the cycle
interval, and the amount of air supplied depending on these
various measured values.

Embodiment 16

Then, a waste water ozonization apparatus according to
Embodiment 16 of this invention 1s described with reference
to the drawings. FIG. 19 shows a tflow for the waste water
ozonization apparatus according to this mnvention. In this
figure, 26 1s an ozone diffuser interconnected with the ozone
supply channel 8 and installed 1n the ozone reaction vessel
4. The other components are the same as in FIG. 10.

Next, the operation 1s explained. During the waste water
freatment 1n the aeration vessel 1, the sludge drawing pump
5 1s operated to circulate the sludge-mixed liquid in the
acration vessel 1 through the drawn-sludge channel 6, ozo-
nization vessel 4, and ozonized-sludge channel 9. The ozo-
nizer 10 generates ozone using as a material gas an oxXygen
gas or air supplied through the material gas supply channel
11, and the ozone 1s 1njected nto the activated sludge in the
ozonization vessel 4 through the ozone supply channel 8 and
the ozone diffuser 26 installed 1n the ozonization vessel 4.
The ozone that has not been used for reaction with the sludge
1s discharged through the discharged-ozone channel 7. This
serics of operations are continuously performed, and the
control section 12 operates the sludge drawing pump 5 and
the ozonizer 10 so as to provide a suitable amount of ozone
injected and a suitable circulated flow of sludge for reducing
the amount of sludge generated and preventing the sludge
from sedimenting mappropriately or recovering appropriate
sedimentation.

The ozone diffuser 26 has a large number of fine holes
therein, and when transmitted through the holes, ozone
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becomes fine bubbles of 1 to 5 mm size, thereby increasing
the ozone dissolution efficiency and noticeably increasing
the area of the ozone that contacts the activated sludge.
Thus, the efficiency with which the ozone contacts and
reacts with the activated sludge increases to enable efficient
ozone 1njection 1n order to efficiently obtain effects in
reducing the amount of sludge generated and preventing the
sludge from sedimenting inappropriately or recovering
appropriate sedimentation.

Although the above example executes the continuous
ozonization of the sludge, this embodiment is not limited to
this aspect but more efficient operations can be performed by
the 1ntermittent ozonization.

The operation of the intermittent ozonization 1s similar to
that in Embodiment 7, and the use of the diffuser increases
the efhiciency with which ozone contacts and reacts with
activated sludge to enable efficient ozone injection 1n order
to efficiently obtain effects 1n reducing the amount of sludge
ogenerated and preventing the sludge from sedimenting 1inap-

propriately or recovering appropriate sedimentation.

In addition, the intermittent ozonization enables the
reduction of the amount of sludge generated and the pre-
vention of mappropriate sedimentation or the recovery of
appropriate sedimentation to be achieved using a much
smaller amount of ozone 1njected than the continuous ozo-
nization.

Although the above example ozonizes the activated
sludge 1n the aeration vessel consisting of a single vessel,
this embodiment i1s not limited to this aspect but similar
ciiects can be obtained when the activated sludge in an
acration vessel composed of multiple sub-vessels 1s 0zo-
nized. In this case, by separating the vessel from which
sludge 1s drawn from the vessel to which ozonized sludge 1s
returned, the possibility that the quality of treated water will
be degraded can be further reduced.

In addition, although the above example uses an ozone
injector such as the ozone diffuser to efficiently inject ozone,
more elficient and stable operations can be performed by
combining this ozone injector such as the ozone diffuser
with a device for temporarily storing the ozonized sludge.

In addition, 1 the above example, more effective opera-
tions can be performed by measuring an index such as SV
concerning the sedimentation of the activated sludge, an
organic substance decomposition activity index such as the
respiratory activity, an incoming organic load index such as
the concentration of organic substances in the imcoming
waste water, an 1ndex such as the concentration of polysac-
charide which relates to the extracellular organic substances
in the sludge floc, an index such as the catalase activity
which concerns the anti-oxidizing enzyme activity of the
activated-sludge microorganisms, or the concentration of
dissolved oxygen 1n the activated-sludge-mixed liquid in the
acration vessel and varying the amount of ozone 1njected,
the circulated flow of sludge, the number of cycles, the cycle
interval, and the amount of air supplied depending on these
various measured values.

Embodiment 17

Then, a waste water ozonization apparatus according to
Embodiment 17 of this invention 1s described with reference
to the drawings. FIG. 20 shows a flow for the ozonization
apparatus of this invention. In this figure, 27 1s an ejector
interconnected with the ozone supply channel 8 and the
sludge drawing channel 6 including the sludge drawing
pump 5 1 1ts middle. A line mixer 28 having a spirally
shaped structure 1n a pipe 1n its longitudinal direction 1is
disposed after the ejector and 1s connected to the ozonized
sludge channel 9. Reference numeral 29 designates a




US 6,303,034 Bl

31

discharged-ozone channel that discharges ozone that has not
been used for reaction in the line mixer 28. The other
components are the same as in FIG. 10.

Next, the operation 1s explained. During the waste water
freatment 1n the aeration vessel 1, the sludge drawing pump
5 1s operated to introduce the sludge-mixed liquid m the
acration vessel 1 into the ejector 27 via the sludge drawing
passage 6. The ozonizer 10 generates ozone using as a
material gas an oxygen gas or air supplied through the
material gas supply channel 11, and the ozone 1s introduced
into the ejector 27 through the ozone supply channel 8 1n
order to 1nject ozone 1nto the activated sludge. The 1mnjected
ozone and the activated sludge are passed through the line
mixer 28 so as to be mixed and contacted together. While the
ozone that has not been used for reaction with the sludge 1s
discharged through the discharged-ozone channel 29, the
ozonized sludge 1s returned to the aeration vessel 1 through
the ozonized-sludge channel 9. This series of operations are
continuously preformed, and the control section 12 operates
the sludge drawing pump 5 and the ozonizer 10 so as to
provide a suitable amount of ozone 1njected and a suitable
circulated flow of sludge for reducing the amount of sludge
ogenerated and preventing the sludge from sedimenting inap-
propriately or recovering appropriate sedimentation.

Using the ejector 27 to inject ozone significantly increases
the concentration of ozone dissolved into the sludge-mixed
liquid and thus the ozone dissolution efficiency. In addition,
the use of the line mixer 28 can increase the efficiency with
which sludge contacts and reacts with ozone. Accordingly,
the amount of sludge generated can be reduced using a small
amount of ozone. In addition, the dissolution and reaction
cificiency can be further improved by connecting a plurality
of ejectors 27 and line mixers 28 to the apparatus. Due to the
small size of the ejector 27 and line mixer 28, the apparatus
can be miniaturized.

Although the above example exhausts discharged ozone
from the discharged-ozone channel 18 provided in the
sludge drawing channel 6, the ozone remaining in the liquid
may adversely affect the organic substances decomposition
of the activated sludge in the aeration vessel. If the ozone
remaining 1n the sludge-mixed liquid degrades the quality of
treated water, this problem can be avoided by passing the
sludge-mixed liquid containing ozone through a gas-liquid
separation vessel provided after the line mixer 28 1n order to
fully remove the remaining ozone.

Although the above example executes the continuous
ozonization of the sludge, this embodiment 1s not limited to
this aspect but more efficient operations can be performed by
the intermittent ozonization.

The operation of the imtermittent ozonization 1s similar to
that 1n Embodiment 7, and the circulation of activated
sludge-mixed liquid and the injection of ozone are per-
formed intermittently. The control section 12 sets the
amount of ozone 1njected per cycle, the number of cycles per
day, and the cycle interval required for the intermittent
ozonization, suitable for reducing the amount of sludge
ogenerated and preventing the sludge from sedimenting 1n
appropriately or receiving appropriate sedimentation and
operates the sludge drawing pump 5 and the ozonizer 10
depending on these settings. The use of the ejector and the
line mixer can increase the efficiency with which ozone 1s
dissolved and reacts with activated sludge, thereby reducing
the ozone dose required. In addition, the intermittent ozo-
nization enables the reduction of the amount of sludge
generated and the prevention of inappropriate sedimentation
or the recovery of appropriate sedimentation to be achieved
using a much smaller amount of ozone injected than the
continuous ozonization.
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Although the above example uses the ejector and the line
mixer, this embodiment 1s not limited to this aspect but
similar effects can be obtained using an injector capable of
cfiiciently injecting ozone or a mixer that efficiently stirs and
mixes activated sludge and ozone together.

Although the above example ozonizes the activated
sludge 1n the aeration vessel consisting of a single vessel,
this embodiment 1s not limited to this aspect but similar
cffects can be obtained when the activated sludge in an
acration vessel composed of multiple sub-vessels 1s 0zo-
nized. In this case, by separating the vessel from which
sludge 1s drawn from the vessel to which ozonized sludge 1s
returned, the possibility that the quality of treated water will
be degraded can be further reduced.

In addition, although the above example uses an ozone
injector such as the ejector or a mixer such as the line mixer
to improve the efficiency with which ozone 1s dissolved and
reacts with activated sludge, more efficient and stable opera-
tions can be performed by combining this ozone 1njector or
mixer with a device for temporarily storing ozonized sludge.

In addition, 1n the above example, more elfective opera-
tions can be performed by measuring an index such as SV
concerning the sedimentation of the activated sludge, an
organic substances decomposition activity index such as the
respiratory activity, an incoming organic load index such as
the concentration of organic substances 1n the incoming
waste water, an mndex such as the concentration of polysac-
charide which relates to the extracellular organic substances
in the sludge floc, an index such as the catalase activity
which concerns the anti-oxidizing enzyme activity of the
activated-sludge microorganisms, and/or the concentration
of dissolved oxygen 1n the activated-sludge-mixed liquid in
the aeration vessel and varying the amount of ozone
injected, the circulated flow of sludge, the number of cycles,
the cycle 1nterval, and the amount of air supplied depending
on these various measured values.

Embodiment 18

Then, a waste water ozonization apparatus according to
Embodiment 18 of this invention 1s described with reference
to the drawings. FIG. 21 shows a flow for the ozonization
apparatus of waste water of this invention. In this figure, 30
1s a sludge circulation vessel that circulates the activated
sludge 1n the aeration vessel and that 1s interconnected with
the sludge drawing channel 6 including the sludge drawing
pump 5 1n 1ts middle; the ozonized-sludge channel 9; and the
discharged-ozone channel 29 for discharging ozone that has
not been used for reaction. Reference numeral 31 denotes a
sludge circulating channel that circulates the activated
sludge 1n the sludge circulating vessel 30 and that has a
sludge circulating pump 32, the ejector 27, and the line
mixer 28 1n its middle. The ejector 27 1s interconnected with
the ozone supply channel 8. The other components are the
same as 1 FIG. 10.

Next, the operation 1s explained. During the waste water
treatment 1n the aeration vessel 1, the sludge drawing pump
5 1s operated to circulate the sludge 1n the aeration vessel 1
through the sludge drawing channel 6, the sludge circulating
vessel 30, and the ozonized-sludge channel 9.

At the same time, the sludge circulating pump 32 1is
operated to introduce the sludge in the sludge circulating
vessel 30 into the ejector 27 via the sludge circulating
channel 31. The ozonizer 10 generates ozone using as a
material gas an oxygen gas or air supplied through the
material gas supply channel 11, and the ozone 1s injected
into the ejector 27 through the ozone supply channel 8. The
injected ozone and the activated sludge are passed through
the line mixer 28 so as to be mixed and contacted together.
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The ozonized sludge 1s returned to the sludge circulating
vessel 30 through the sludge circulating channel 31. The
ozone that has not been used for reaction with the sludge 1s
discharged through the discharged-ozone channel 29 inter-
connected with the sludge circulating vessel 30. This series
of operations are continuously preformed, and the control
section 12 operates the sludge drawing pump 5, the sludge
circulating pump 32, and the ozonizer 10 so as to provide a
suitable amount of ozone 1njected, a suitable circulated flow
of sludge, and a suitable flow of sludge through the sludge
circulating channel for reducing the amount of sludge gen-
erated and preventing the sludge from sedimenting 1nappro-
priately or recovering appropriate sedimentation.

Using the ejector 27 to 1nject ozone increases the ozone
dissolution efficiency. In addition, the use of the line mixer
28 can increase the efficiency with which sludge reacts with
ozone. Furthermore, since the activated sludge 1n the aera-
tion vessel 1 1s received by the sludge circulating vessel 30
and 1s circulated while ozone 1s stmultaneously injected, the
ozonization can be repeated 1n the ejector 27 to improve the
controllability and to further improve the efficiency with
which the ozone 1s dissolved and reacts with the activated
sludge, thereby enabling the amount of sludge generated to
be reduced using a small ozone dose. In addition, the
dissolution and reaction efficiency can be further improved
by connecting a plurality of ejectors 27 and line mixers 28
to the apparatus. In addition, due to the provision of the
discharged-ozone channel 29, the sludge circulating vessel
30 also acts as a gas-liquid separation vessel used to remove
the ozone that remains in the sludge-mixed liquid after
ozonization and that may adversely affect the organic sub-
stances decomposition of the activated sludge 1n the aeration
vessel.

Although the above example executes the continuous
ozonization of the sludge, this embodiment 1s not limited to
this aspect but more efficient operations can be performed by
the 1ntermittent ozonization.

The operation of the imtermittent ozonization 1s similar to
that in Embodiment 7, and the circulation of the activated-
sludge-mixed liquid and the injection of ozone are intermait-
tently carried out. The control section 12 sets the amount of
ozone 1njected per cycle, the number of cycles per day, and
the cycle interval that are required for the intermittent
ozonization and that are also suited for reducing the amount
of sludge generated and preventing the sludge from sedi-
menting inappropriately or recovering appropriate sedimen-
tation. The control section 12 then operates the sludge
drawing pump 35, the sludge generating pump 32, and the
ozonizer 10 depending on these settings.

The use of the ejector and the line mixer can increase the
efficiency with which ozone 1s dissolved and reacts with
activated sludge, thereby reducing the ozone dose required.
In addition, the use of the sludge circulating vessel 30
enables the ozomization to be repeated in the ejector to
improve the controllability and to further improve the effi-
ciency with which the ozone 1s dissolved and reacts with the
activated sludge, thereby enabling the amount of sludge
ogenerated to be reduced using a small ozone dose. In
addition, the mtermittent ozonization enables the reduction
of the amount of sludge generated and the prevention of
inappropriate sedimentation or the recovery of appropriate
sedimentation to be achieved using a much smaller amount
of ozone 1njected than the continuous ozonization.

Although the above example uses the ejector and the line
mixer, this embodiment 1s not limited to this aspect but
similar effects can be obtained using an injector capable of
eiiciently 1injecting ozone or a mixer that efficiently stirs and
mixes activated sludge and ozone together.
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Although the above example ozonizes the activated
sludge 1n the aeration vessel consisting of a single vessel,
this embodiment 1s not limited to this aspect but similar
cffects can be obtained when the activated sludge 1n an
acration vessel composed of multiple sub-vessels 1s 0zo-
nized. In this case, by separating the vessel from which
sludge 1s drawn from the vessel to which ozonized sludge 1s
returned, the possibility that the quality of treated water will
be degraded can be further reduced.

In addition, although the above example uses an ozone
injector such as the ejector or a mixer such as the line mixer
to improve the efficiency with which ozone 1s dissolved and
reacts with activated sludge, more efficient and stable opera-
tions can be performed by combining this ozone injector or
mixer with a device for temporarily storing ozonized sludge.

In addition, 1 the above example, more effective opera-
fions can be performed by measuring an index such as SV
concerning the sedimentation of the activated sludge, an
organic substance decomposition activity index such as the
respiratory activity, an incoming organic load index such as
the concentration of organic substances in the incoming
waste water, an 1ndex such as the concentration of polysac-
charide which relates to the extracellular organic substances
in the sludge floc, an index such as the catalase activity
which concerns the anti-oxidizing enzyme activity of the
activated-sludge microorganisms, and/or the concentration
of dissolved oxygen 1n the activated-sludge-mixed liquid 1n
the aeration vessel and varying the amount of ozone
injected, the circulated flow of sludge, the number of cycles,
the cycle 1nterval, and the amount of air supplied depending
on these various measured values 1 the control section 12.
Embodiment 19

Then, a waste water ozonization apparatus according to
Embodiment 19 of this invention 1s described with reference
to the drawings. FIG. 22 shows a flow for the ozonization
apparatus of this invention. In this figure, 33 1s a hydrogen
peroxide storage vessel that stores hydrogen peroxide, and
34 1s a hydrogen peroxide supply channel including a
hydrogen peroxide supply pump 35 1n 1ts middle and sup-
plying hydrogen peroxide to the neighborhood of an ozone
Injection section 1n the ozone reaction vessel 4. The control
section 12 controls the operation of the hydrogen peroxide
supply pump 35 as well as the sludge drawing pump 5 and
the ozonizer 10. The other components are the same as 1n
FIG. 10.

Next, the operation 1s explained. During the waste water
treatment 1n the aeration vessel 1, the sludge drawing pump
5 1s operated to circulate the sludge in the aeration vessel 1
through the sludge drawing channel 6, the ozonization
vessel 4, and the ozonized-sludge channel 9.

The ozonizer 10 generates ozone using as a material gas
an oxygen gas or air supplied through the material gas
supply channel 11, and the ozone 1s injected into the
ozonization vessel 4 through the ozone supply channel 8. At
the same time, the hydrogen peroxide supply pump 34 is
operated to supply hydrogen peroxide to the periphery of the
ozone 1njection section 1 the ozone reaction vessel 4 1n
order to react the ozone with the hydrogen peroxide to
generate a reactive active species such as an OH radical. In
the ozone reaction vessel 4, the activated sludge circulated
by the sludge drawing pump 5 1s contacted with the ozone
and the active species generated by the reaction between the
ozone and hydrogen peroxide. The ozone that has not been
used for reaction with the sludge 1s discharged through the
discharged-ozone channel 7. This series of operations are
continuously preformed, and the control section 12 operates
the sludge drawing pump 3§, the hydrogen peroxide supply
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pump 35, and the ozonizer 10 so as to provide a suitable
amount of ozone injected and a suitable circulated flow of
sludge for reducing the amount of sludge generated and
preventing the sludge from sedimenting inappropriately or
recovering appropriate sedimentation.

Since the active species generated by the reaction between
the ozone and hydrogen peroxide provides stronger oxidiza-
fion than ozone, the active species and the activated sludge
can be reacted together to {facilitate the killing,
solubilization, or making-inorganic of the activated-sludge
microorganisms compared to ozone.

Since the reaction of the activated sludge 1s facilitated by
using the active species capable of strong oxidation to treat
the activated sludge as described above, the amount of ozone
injected and the amount of sludge treated can be reduced to
stably obtain, despite low operation costs, effects 1n reducing
the amount of sludge generated and preventing the sludge
from sedimenting mappropriately or recovering appropriate
sedimentation while avoiding the degradation of the quality
of treated water and the increase of the amount of aeration
required which are caused by an increase 1n load.

Although the above example executes the continuous
ozonization of the sludge, this embodiment i1s not limited to
this aspect but more efficient operations can be performed by
the 1ntermittent ozonization.

The operation of the intermittent ozonization 1s similar to
that of Embodiment 7, and the circulation of the activated-
sludge-mixed liquid, and the injection of ozone and hydro-
ogen peroxide are intermittently carried out. The control
section 12 sets the amount of ozone 1njected per cycle, the
number of cycles per day, and the cycle interval that are
required for the intermittent ozonization and that are also
suited for reducing the amount of sludge generated and
preventing the sludge from sedimenting 1appropriately or
recovering appropriate sedimentation. The control section
12 then operates the sludge drawing pump 3, the hydrogen
peroxide supply pump 35, and the ozonizer 10 depending on
these settings.

Since the reaction of the activated sludge 1s facilitated by
using the active species capable of strong oxidation to treat
the activated sludge as described above, the amount of ozone
injected and the amount of sludge treated can be reduced to
stably obtain effects 1n reducing the amount of sludge
generated and preventing the sludge from sedimenting 1nap-
propriately or recovering appropriate sedimentation while
using low operation costs to avoid the degradation of the
quality of treated water caused by an 1ncrease in load as well
as the increase 1n the amount of aeration required. In
addition, the mntermittent ozonization enables the reduction
of the amount of sludge generated and the prevention of
inappropriate sedimentation or the recovery of appropriate
sedimentation to be achieved using a much smaller amount
of ozone 1njected than the continuous ozonization.

Although the above example ozonizes the activated
sludge 1n the aeration vessel consisting of a single vessel,
this embodiment 1s not limited to this aspect but similar
cffects can be obtained when the activated sludge 1n an
acration vessel composed of multiple sub-vessels 1s 0zo-
nized. In this case, by separating the vessel from which
sludge 1s drawn from the vessel to which ozonized sludge 1s
returned, the possibility that the quality of treated water will
be degraded can be further reduced.

Although the above example uses the device for adding
hydrogen peroxide to generate the reactive active species,
more elficient and stable operations can be performed by
combining this device with a device such as an ozone
storage vessel which temporarily stores ozonized sludge, an
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ozone 1njector such as an ozone diffuser which inject ozone
as bubbles, an ozone 1njector such as an ejector, or a mixer
such as a line mixer.

In addition, 1 the above example, more effective opera-
fions can be performed by measuring an index such as SV
concerning the sedimentation of the activated sludge, an
organic substances decomposition activity index such as the
respiratory activity, an incoming organic load index such as
the concentration of organic substances in the imcoming
waste water, an 1ndex such as the concentration of polysac-
charide which relates to the extracellular organic substances
in the sludge floc, an index such as the catalase activity
which concerns the anti-oxidizing enzyme activity of the
activated-sludge microorganisms, and/or the concentration
of dissolved oxygen 1n the activated-sludge-mixed liquid 1n
the aeration vessel and varying the amount of ozone
injected, the circulated flow of sludge, the number of cycles,
the cycle 1nterval, and the amount of air supplied depending
on these various measured values 1 the control section 12.
Embodiment 20

Then, a waste water ozonization apparatus according to
Embodiment 20 of this invention 1s described with reference
to the drawings. FIG. 23 shows a flow for the waste water
ozonization apparatus according to this ivention. In this
figure, 36 1s a line mixer 1nstalled 1n the middle of the sludge
drawing channel 6, and the other components are the same
as 1 FIG. 10.

Next, the operation 1s explained. During the waste water
treatment 1n the aeration vessel 1, the sludge drawing pump
5 1s operated by the control section 12 to introduce the
sludge 1n the aeration vessel 1 into the ozonization vessel 4
via the sludge drawing channel 6 and the line mixer 36 and
then to return the sludge to the acration vessel 1 through the
ozonized-sludge channel 9 1n order to circulate the sludge in
the vessel 1. The ozonizer 10 generates ozone using as a
material gas an oxygen gas or air supplied through the
material gas supply channel 11, and the ozone 1s injected
into the ozonization vessel 4 through the ozone supply
channel 8 1n order to ozonize the sludge. The ozone that has
not been used for reaction with the sludge 1s discharged
through the discharged-ozone channel 7. This series of
operations are continuously preformed, and the control
section 12 operates the sludge drawing pump 5 and the
ozonizer 10 so as to provide a suitable amount of ozone
injected and a suitable circulated flow of sludge for reducing
the amount of sludge remaining and preventing the sludge
from sedimenting mappropriately or recovering appropriate
sedimentation.

The activated sludge normally forms a floc that 1s an
aggregate of microorganisms or extracellular organisms. If
ozone 1s 1njected into sludge that allows the floc to be
formed with high condensability, ozone reacts with high
condensability with the microorganisms on the surface of
the floc, whereas 1t cannot react with the microorganisms
present 1nside the floc unless 1t can penetrate the activated-
sludge floc. As a result, the reaction does not progress
smoothly. According to this embodiment, however, the line
mixer 1s 1nstalled before the ozone 1njection, so the activated
sludge from the acration vessel can be fully stirred to destroy
the activated-sludge floc 1n order to disperse the activated-
sludge microorganisms. When ozone 1s 1njected into the
sludge 1 which the activated-sludge microorganisms are
dispersed, the reaction between the ozone and microorgan-
isms 1s facilitated to improve the effects of the injected
0ZOone.

By dispersing the activated-sludge floc before injecting,
ozone as described above, the reactivity between the
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activated-sludge microorganisms and the imjected ozone 1s
improved to reduce the amount of ozone 1njected and the
amount of sludge treated. Thus, despite the needs for low
operation costs, this embodiment can stably obtain effects 1n
reducing the amount of sludge generated and preventing the
sludge from sedimenting imappropriately or recovering
appropriate sedimentation while avoiding the degradation of
the quality of treated water and the increase of the amount
of aeration required which are caused by an increase 1n load.

Although the above example uses the line mixer, this
embodiment 1s not limited to this aspect but similar effects
can be obtained using any other device such as a supersonic
crusher or a homogenizer which can disperse the activated-
sludge floc. Furthermore, multiple such devices can be
combined together.

Although the above example executes the continuous
ozonization of the sludge, this embodiment i1s not limited to
this aspect but more efficient operations can be performed by
the intermittent ozonization.

The operation of the imtermittent ozonization 1s similar to
that of Embodiment 7, and the circulation of the activated-
sludge-mixed liquid and the injection of ozone are intermait-
tently executed. The control section 12 sets the amount of
ozone 1njected per cycle, the number of cycles per day, and
the cycle interval that are required for the intermittent
ozonization and that are also suited for reducing the amount
of sludge generated and preventing the sludge from sedi-
menting 1mappropriately or recovering appropriate sedimen-
tation. The control section 12 then operates the sludge
drawing pump 5 and the ozonizer 10 depending on these
settings.

By dispersing the activated-sludge floc before injecting
ozone, the reactivity between the activated-sludge microor-
cganisms and the injected ozone 1s improved to reduce the
amount of ozone 1njected and the amount of sludge treated.
Thus, despite the needs for low operation costs, this embodi-
ment can stably obtain effects in reducing the amount of
sludge generated and preventing the sludge from sediment-
ing mappropriately or recovering appropriate sedimentation
while avoiding the degradation of the quality of treated
water and the increase of the amount of aeration required
which are caused by an increase in load. In addition, the
intermittent ozonization enables the reduction of the amount
of sludge generated and the prevention of 1nappropriate
sedimentation or the recovery of appropriate sedimentation
to be achieved using a much smaller amount of ozone
injected than that of the continuous ozonization.

Although the above example ozonizes the activated
sludge 1n the aeration vessel consisting of a single vessel,
this embodiment 1s not limited to this aspect but similar
cffects can be obtained when the activated sludge in an
acration vessel composed of multiple sub-vessels 1s 0zo-
nized. In this case, by separating the vessel from which
sludge 1s drawn from the vessel to which ozonized sludge 1s
returned, the possibility that the quality of treated water will
be degraded can be further reduced.

Although the above example uses a device such as the line
mixer which crushes an activated-sludge floc, more efficient
and stable operations can be performed by combining this
device with a device such as an ozone storage vessel which
temporarily stores ozonized sludge, an ozone 1njector such
as an ozone diffuser which inject ozone as bubbles, an ozone
injector such as an ejector, a mixer such as a line mixer, or
a device for adding hydrogen peroxide.

In addition, 1n the above example, more effective opera-
tions can be performed by measuring an 1index such as SV
concerning the sedimentation of the activated sludge, an
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organic substance decomposition activity index such as the
respiratory activity, an incoming organism load index such
as the concentration of organisms in the incoming waste
water, an 1ndex such as the concentration of polysaccharide
which relates to the extracellular organic substances in the
sludge floc, an 1index such as the catalase activity which
concerns the anti-oxidizing enzyme activity of the activated-
sludge microorganisms, or the concentration of dissolved
oxygen 1n the activated-sludge-mixed liquid in the aeration
vessel and varying the amount of ozone 1njected, the circu-
lated flow of sludge, the number of cycles, the cycle interval,
and the amount of air supplied depending on these various
measured values 1n the control section 12.

Embodiment 21

Then, a waste water ozonization apparatus according to
Embodiment 21 of this invention 1s described with reference
to the drawings. FIG. 24 shows a flow for the waste water
ozonization apparatus according to this invention. In this
figure, 42 1s an ozone generation section according to this
embodiment. In this ozone generation section 42, 37 1s an
ozone adsorption tower filled with silica gel that adsorbs
ozone generated by the ozonizer 10. Reference numeral 38
indicates a gas circulating channel including a gas circulat-
g pump 39 i its middle and interconnected with the
material gas supply channel 11. Reference numeral 40
designates an ozone 1njection passage that interconnects the
ozone adsorption tower 37 with the ozonization vessel 4 and
that injects ozone 1nto ozonization vessel 4 from the ozone
adsorption tower 37. Reference numeral 41 denotes a des-
orption gas supply channel that 1s interconnected with the
ozone adsorption tower 37 and that feeds a gas such as an
oxygen gas to the ozone adsorption tower 37 to desorb the
ozone adsorbed 1nto the silica gel. The other components are
the same as m FIG. 10.

Next, the operation 1s described. During the intermittent
ozonization of the activated sludge similar to that of
Embodiment 7 and while ozonization i1s not executed, the
ozonizer 10 continuously generates ozone and directs ozone
to the ozone adsorption tower 37 1n order to allow 1t to be
adsorbed 1nto the silica gel in the ozone adsorption tower.
The gas discharged from the ozone adsorption tower 37 after
adsorption 1s directed back to the ozonizer 10 using the gas
circulating channel 38 and the gas circulating pump 39 so
that it can be used as a material for ozone.

While the sludge 1s being ozonized, an oxXygen gas or air
1s delivered to the material gas supply channel 11 1n such a
way that the pressure of the material gas in the ozonizer 10
1s constant, and the ozonizer 10 generates and feeds ozone
to the ozonization vessel 4 through the ozone injection
channel 40. At the same time, a gas such as an oxygen gas
1s fed back to the ozone adsorption tower 37 through the
desorption gas channel 41 to desorb the ozone adsorbed into
the silica gel. The desorbed ozone 1s delivered to the
ozonization vessel 4 via the ozone 1njection channel 40. The
control section 12 sets the amount of ozone injected per
cycle, the number of cycles per day, and the cycle mterval
that are required for the intermittent ozonization and that are
also suited for reducing the amount of sludge generated and
preventing the sludge from sedimenting inappropriately or
recovering appropriate sedimentation. Depending on these
settings, the control section 12 then controls the series of
operations 1n the ozone generation section 42 including
ozone generation, adsorption, desorption, and injection and
operates the sludge drawing pump 3.

By allowing the ozone generation section 42 to perform
the adsorption and desorption of ozone in addition to its
ogeneration as described above, ozone can be generated and
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temporarily stored even when the ozonization 1s not carried
out so that a required ozone dose can be desorbed 1n order
to ozonize sludge. This configuration increases the operation
rate of the ozonmizer 10 to allow ozone dose generated per
unit time by the ozonizer, that 1s, 1ts ozone generation
capability to be substantially reduced. It also allows 1nex-
pensive power provided during midnight to be used to
reduce running costs required to manufacture ozone. Thus,
this 1s a very effective ozone generation method 1n intermat-
tently injecting a required ozone dose when required.

In the above example, ozone can be more efliciently
absorbed and desorbed by providing a refrigerator and a
heater 1n the ozone adsorption tower to control the tempera-
ture during adsorption and desorption; that 1s, during
adsorption, the temperature of the ozone adsorption tower
37 1s lowered to facilitate the adsorption of ozone into the
silica gel, whereas during desorption, the temperature 1is
increased to facilitate the desorption of the ozone from the
silica gel into the gas. In addition, the above embodiment
uses gas purge for desorption, but the temperature of the
silica gel may be increased to cause desorption.

In addition, although the above example uses the ozone
adsorption tower 37 filled with the adsorbent to store the
ozone generated, this embodiment 1s not limited to this
aspect but similar effects can be obtained by using instead of
the ozone adsorption tower 37 an ozone gas storage tank
capable of holding a concentrated and pressurized ozone gas
in order to store the ozone 1n the form of a gas.

Although the above example ozonizes the activated
sludge 1n the aeration vessel consisting of a single vessel,
this embodiment 1s not limited to this aspect but similar
ciiects can be obtained when the activated sludge in an
acration vessel composed of multiple sub-vessels 1s 0zo-
nized. In this case, by separating the vessel from which
sludge 1s drawn from the vessel to which ozonized sludge 1s
returned, the possibility that the quality of treated water will
be degraded can be further reduced.

Although the above example uses the device for adsorb-
ing and desorbing ozone generated, more efficient and stable
operations can be performed by combining this device with
a device such as an ozone storage vessel which temporarily
stores ozonized sludge, an ozone 1jector such as an ozone
diffuser which 1mjects ozone as bubbles, an ozone 1njector
such as an ejector, a mixer such as a line mixer, a device for
adding hydrogen peroxide, or a device for crushing an
activated-sludge floc.

In addition, 1n the above example, more effective opera-
fions can be performed by measuring an 1index such as SV
concerning the sedimentation of the activated sludge, an
organic substances decomposition activity index such as the
respiratory activity, an incoming organic load index such as
the concentration of organic substances in the imcoming
waste water, an index such as the concentration of polysac-
charide which relates to the extracellular organic substances
in the sludge floc, an 1index such as the catalase activity
which concerns the anti-oxidizing enzyme activity of the
activated-sludge microorganisms, or the concentration of
dissolved oxygen in the activated-sludge-mixed liquid 1n the
acration vessel and varying the amount of ozone 1njected,
the circulated flow of sludge, the number of cycles, the cycle
interval, and the amount of air supplied depending on these
various measured values 1n the control section 12.
Embodiment 22

Then, a waste water ozonization apparatus according to
Embodiment 22 of this invention 1s described with reference
to the drawings. FIG. 25 shows a flow for the waste water
ozonization apparatus according to this invention. In this

10

15

20

25

30

35

40

45

50

55

60

65

40

figure, two ozonization vessels 4 are located 1 parallel, and
cach vessel 4 1s interconnected with the drawn-sludge chan-
nel 6 from the aeration vessel 1; the ozonized sludge channel
9 to the aeration vessel 1; the ozone supply channel 8 from
the ozonizer 10; and the discharged-ozone channel 7 so that
ozone can be alternately imjected into each of the ozone
reaction vessel 4. The other components are the same as in
FIG. 10.

Next, the operation 1s described. During the waste water
treatment 1n the aeration vessel 1, the control section 12
operates the sludge drawing pump 5 to return the sludge in
the aeration vessel 1 to the aeration vessel 1 through the
drawn-sludge channel 6, one of the ozonization vessels 4,
and the ozonized-sludge channel 9 1n order to circulate the
sludge 1n the aeration vessel 1. Subsequently, intermittent
ozonization similar to that in Embodiment 7 1s executed.

During the next ozonization cycle, the other ozonization
vessel 4 1s used to carry out similar ozonization.
Subsequently, the two ozonization vessels 4 are alternately
used to ozonize the sludge. The control section 12 sets the
amount of ozone 1injected per cycle, the number of cycles per
day, and the cycle interval that are required for the inter-
mittent ozonization and that are also suited for reducing the
amount of sludge generated and preventing the sludge from
sedimenting 1nappropriately or recovering appropriate sedi-
mentation. The control section 12 then operates the sludge
drawing pump 35 and the ozonizer 10, and changes over the
ozonization vessels 4 depending on these settings.

By using the two ozonization vessels for the intermittent
ozonization as described above, the ozonization vessels 4
can be miniaturized to increase the number of treatment
cycles per day. Increasing the number of treatment cycles
enables the amount of ozone injected per cycle to be
reduced, thereby allowing the amount of ozone generated by
the ozonizer 10 per unit time, that 1s, 1ts ozone generation
capability to be reduced.

Using the two ozonization vessels 4 enables sludge to be
ozonized even 1f both the replacement of the sludge and the
purging of dissolved ozone must be executed during a single
cycle, thereby allowing the number of cycles to be
increased. In addition, although the above example installs
the two ozonization vessels 4, this embodiment 1s not limited
to this aspect but more ozonization vessels 4 may be
installed.

Although the above example ozonizes the activated
sludge 1n the aeration vessel consisting of a single vessel,
this embodiment 1s not limited to this aspect but similar
ciiects can be obtained when the activated sludge 1n an
acration vessel composed of multiple sub-vessels 1s 0zo-
nized. In this case, by separating the vessel from which
sludge 1s drawn from the vessel to which ozonized sludge 1s
returned, the possibility that the quality of treated water will
be degraded can be further reduced.

Although the above example uses the plurality of ozo-
nization vessels, more efficient and stable operations can be
performed by combining these ozonization vessels with a
device such as an ozone storage vessel which temporarily
stores ozonized sludge, an ozone 1jector such as an ozone
diffuser which inject ozone as bubbles, an ozone 1njector
such as an ejector, a mixer such as a line mixer, a device for
adding hydrogen peroxide, a device for crushing an
activated-sludge floc or a device for adsorbing and desorb-
Ing ozone generated.

In addition, 1n the above example, more elfective opera-
tions can be performed by measuring an index such as SV
concerning the sedimentation of the activated sludge, an
organic substance decomposition activity index such as the
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respiratory activity, an incoming organic load imndex such as
the concentration of organisms in the incoming waste water,
an index such as the concentration of polysaccharide which
relates to the extracellular organic substances in the sludge
floc, an index such as the catalase activity which concerns
the anti-oxidizing enzyme activity of the activated-sludge
microorganisms, or the concentration of dissolved oxygen in
the activated-sludge-mixed liquid in the aeration vessel and
varying the amount of ozone 1njected, the circulated flow of
sludge, the number of cycles, the cycle interval, and the
amount of air supplied depending on these various measured
values 1n the control section 12.

Although embodiments 1 to 22 uses as a microorganism-
mixed liquid for ozonization the activated sludge in the
acration vessel used 1n the activated-sludge process for
continuously treating waste water, this invention 1s not
limited to this aspect, but similar effects can be provided for
a microorganism-mixed liquid in the waste water treatment
process using microorganisms such as the returned sludge in
the activated-sludge process or the activated sludge 1n a
precipitation vessel 1n the same process, or the activated
sludge 1n the aeration vessel 1n the batch activated-sludge
process and/or the contact oxidization process.

What 1s claimed 1s:

1. A waste water ozonization process comprising:

drawing part of a liquid mixture including microorgan-

Isms {from a treatment system;

intermittently injecting a gas mixture icluding ozone in
a concentration of at least 50 mg/L into the liquid
mixture drawn from the treatment system; and

returning the liquid mixture into which ozone has been
injected to the treatment system.
2. The waste water ozonization process according to claim
1, wherein the liquid mixture 1s subjected to injection of
ozone for a time of several seconds to 10 minutes.
3. A waste water ozonization process 1ncluding:

drawing part of a liquid mixture including microorgan-
Isms from a treatment system;

Injecting a gas mixture including ozone in a concentration
of at least 50 mg/L into the liquid mixture drawn from
the treatment system; and

returning the liquid mixture into which ozone has been

injected to the treatment system.
4. A waste water ozonization process comprising:

part of a liquid mixture including microorganisms from a
freatment system,;

injecting ozone 1nto the liquid mixture drawn from the
freatment system,;

changing ozone 1njecting conditions depending on thresh-
old SVI value a microorganism aggregate 1n the liquid
mixture; and

returning the liquid mixture into which ozone has been
injected to the treatment system wherein the ozone
injected 1s at least 10 mg-O,/¢ MLSS for a hqud
mixture including microorganisms and having a sedi-
mentation rate not more than the threshold SVI value,
and at least 1 mg-O5/g-MLSS for a liquid mixture
including microorganisms and having a sedimentation

rate higher than the SVI value.
5. A waste water ozonization process comprising:

part of a liquid mixture including microorganisms from a
freatment system,

injecting ozone mto the liquid mixture drawn from the
freatment system,

changing ozone 1njecting conditions depending on thresh-
old SVI value a microorganism aggregate 1n the liquid
mixture; and

10

15

20

25

30

35

40

45

50

55

60

65

42

returning the liquid mixture into which ozone has been
injected to the treatment system wherein the amount of
microorganisms 1s 0.5 to 5 times as large as the amount
ol microorganisms that are multiplied by organic sub-
stances 1n waste water for a liquid including microor-
ganisms and having a sedimentation rate no larger than
the threshold SVI value, and the amount of microor-
ganisms 15 2 to 10 times as large as the amount of
sludge that 1s multiplied by organic substances 1n waste
water for a liquid including microorganisms and having
a sedimentation rate higher than the threshold SVI
value.

6. A waste water ozonization apparatus comprising;:

a plurality of microorganism reaction vessels in a treat-
ment system;

drawing means connected to a first one of said microor-
ganism reaction vessels for drawing a liquid mixture
including microorganisms from the treatment system;

ozone generation means for generating ozone for reaction
with the liquid mixture drawn from the treatment
system,;

an ozonization vessel receiving the liquid mixture drawn

from the treatment system and mto which a quantity of
the ozone generated by said ozone generation means 1S
supplied; and

returning means connected to a second one of said micro-

organism reaction vessels, which 1s separated from said
first one of said vessels, for returning the liquid mixture
drawn from the treatment system, after ozonization, to
the treatment system.

7. The waste water ozonization apparatus according to
claim 6, wherein ozone generated by said ozone generation
means 1n a concentration of at least 50 mg/L 1s 1njected 1nto
the liquid mixture drawn from the treatment system.

8. A waste water ozonization apparatus comprising:

drawing means for drawing a liquid mixture including
microorganisms from a treatment system;

ozone generation means for generating ozone for reaction
with the liquid mixture drawn from the treatment
system,

an ozonization vessel receiving the liquid mixture drawn
from the treatment system and mto which a quantity of
the ozone generated by said ozone generation means 1s
supplied;

returning means for returning the liquid drawn from the

treatment system, after ozonization, to the treatment
system; and

measuring means for making a measurement of a char-
acteristic of the liquid mixture drawn from the treat-
ment system to determine control conditions.

9. The waste water ozonization apparatus according to
claim 8, wherein ozone 1s intermittently injected into the
liquid mixture drawn from the treatment system.

10. The waste water ozonization apparatus according to
claim 8 wherein said measuring means measures sedimen-
tation rate of a microorganism aggregate i1n the liquid
mixture drawn from the treatment system, and the quantity
of ozone supplied to the mixture in the ozonization vessel
depends on the sedimentation rate measured.

11. The waste water ozonization apparatus according to
claim 8 wherein said measuring means measures organism
decomposition activity of a microorganism 1n the liquid
mixture drawn from the treatment system, and the quantity
of ozone supplied to the mixture in the ozonization vessel
depends on the organic load measured.
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12. The waste water ozonization apparatus according to
claim 8 wherein said measuring means measures organic
load of waste water that flows 1nto the treatment system, and
the quantity of ozone supplied to the mixture in the ozo-
nization vessel depends on the organic load measured.

13. The waste water ozonization apparatus according to
claim 8, wherein said measuring means measures dissolved
oxygen concentration in the liquid mixture drawn from the
freatment system, and the quantity of ozone supplied to the
mixture 1n the ozonization vessel depends on the organic
load measured.

14. The waste water ozonization apparatus according to
claim 8 wherein said measuring means makes measurements
relating to extracellular organic substances 1n a microorgan-
Ism aggregate 1n the liquid mixture drawn from the treat-
ment system, and the quantity of ozone supplied to the
mixture 1n the ozonization vessel depends on a measurement
made by said measuring means.

15. The waste water ozonization apparatus according to
claim 8 wheremn said measuring means measures anti-
oxidation enzyme activity of a microorganism in the liquid
mixture drawn from the treatment system, and the quantity
of ozone supplied to the mixture in the ozonization vessel
depends on the anti-oxidation enzyme activity measured.
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16. The waste water ozonization apparatus according to
claim 8 including storage means for storing the liquid
mixture drawn from the treatment system after ozonization.

17. The waste water ozonization apparatus according to
claim 8, wherein a reagent 1s 1injected nto the liquid mixture
drawn from the treatment system.

18. The waste water ozonization apparatus according to
claim 8 wherein said ozonization vessel includes distributing
means for distributing a microorganism aggregate in the
liquid mixture drawn by said drawing means.

19. The waste water ozonization apparatus according to
claim 8 including storage means for storing the ozone
generated by said ozone generation means.

20. The waste water ozonization apparatus according to
claim 8, wherein ozone generated by said ozone generation
means 1n a concentration of at least 50 mg/L 1s 1njected 1nto
the liquid mixture drawn from the treatment system.

21. The waste water ozonization apparatus according to
claim 8, wherein ozone generated by said ozone generation
means 1s 1njected into the liquid mixture drawn by said
drawing means, and said apparatus comprises mixing means
for mixing the ozone with the mixture drawn from the
treatment system to produce an ozone mixture and for

ouiding the ozone mixture to said returning means.
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